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PREFACE 



THE text of the following elementary treatise was undertaken 
without any view to publication, being intended by the aa« 
thor merely for the instruction of his only child. Findings how« 
ever, as he proceeded, that it would unavoidably attain a larger 
size than he had expected, and conceiving that its catechetical 
form gave it a simplicity and plainness not usually found in works 
of this nature, he was led to think of the propriety of publishing 
it. Other considerations then presented themselves ; and^rom' a 
high opinion of the value of chymical knowledge, and me vast 
importance of inspiring a taste for it in early life, he imagined 
it might not be thought presumptuous, were he to give to the 
world what had cost him so much trouble to compile, and what 
he considered to be becterjcalculated to teach the rudiments of the 
science to young people^^bjKt^ny other book with which he was 
acquainted. Having endeavored to give the whole rather an in* 
viting appearance than otherwise, even to youth, he presumed 
diat such a performance might prove exceedingly useful in those 
seminaries where the preceptors have not had leisure or opportU'*' 
nity to study more elaborate treatises ; and that it would also en« 
able parents who arc not qualified by previous acquirements to 
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instruct their children iii the dements of chemistry, than whicll 
there can be nothing more essential, in whatever line of life a 
youth may be destined to move. But a more powerful motive 
was the desire to exhibit, in a popular form, a body of the most 
incontrovertibit evid^ce of the wisdom and 1>eneficence of tht 
Deity in the establishment and modification of those hws of 
matter \^liich are infinitely and beautifully varied, and whosei 
operation is too delicate to be the object of general notice. Fot 
if it could be proved to the satisfaction of youth, that matter is 
subject to a vast variety of laws Irhicfa escape common observ- 
ance ; and that, in the adjustifent of diose law^ the most minute 
attention, if it may be so ei^ircssed, has been paid to our conve- 
nience and comfort — it was imagined such a detail would tend td 
inake a more indelible impression on the young mind, than the 
display of the same goodness in the operation of causes which 
come under our daily notice and observation. 

With these vit^^ he toold not but bitcrtain a favourable opi- 
nion of the probable utility of a work iipon such a plan, if pro- 
perly executed. It was therefore with the utmost diffidence and 
anxiety that he ventured upon the task of preparing the following 
sheets for the press :->-actuated, however, by the iksire of being 
useful, he hopes that their imperfections atUi not expose him to 
unmerited reprdienston. A work of thii mSure, particularly 
\vhere such a mass of &cts is croitdcd into one single volume, 
must be liable to errors and imperfcctioos ; but as he has chosen 
a new path, the allowance due to the defects of a first attempt 
will not, he confidently trusts, be refused him, especially by 
those 9ho are aware of the labour and of the di£culdes which 
attend the corapiktion of an elementary treatise. 

In order to render the generality of parcmts and preceptors more 
bompecedt to expLiin and expatiate cpoa the variety of tacts which 
this sciehce presents, and to qodtfy them ia some measure to 
afford such answers to a number oi questions which the young 
pupil, as he advances and becomes more iatercsteJ in the experi- 
ments, will not hH to Jemaad, the andior has added a variety of 
explanatoiy notes. \Lurj oi these notes will be fouzid to contain 
tiew matter, or, at least, what is not generally known or psblisb-^ 
t J ; others, and perhaps the majority, were drawn from varkms 
>a»?rces: bet a? nsirrj virvr quofid frora meirorr, and ^tiU cncr* 
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froin mt coaunoa-^a^D-book of the auapil^j^e w^fi compelled 
in some ««»fanf^ cither to omit tl)^ aomorit^p^r entjrel j forgo 
the advaoiiges he h»l deriVed from the work^, experioAtti and 
opiii|oiu of some oTUle most enlighteped ch jmical [||ulosophers 
of die nge. Here he has coq^taotty beef/goyecTby one rule— tQ 
prodnoq rather what is osefbl thaa origiDaf. 

The aathor is not without his apprehensioQs |fst som^f the vc* 
ry munenms bets so iptercsting to vouog people, notwithstanding 
his best eDdeavours, should have escaped his notice; and in thi^ 
Instance he particularly begs for indulgence, as the greater part of 
his time is devoted to those occupa Ans which are ^inseparable 
from die superintendance of a chymical manufactorys Howe- 
ver, should ^e work attain a second edition, he will ^tefolly 
receive, and gladly avail himself of, any suggestions tjiat shall 
be oflered* ^ 

The moral reflections, which frequendy occur, will problbly 
be regarded by some as irrelevant to the subject ; but, in compiling 
any initiatory book, no writer, as a parent, could lose sight of 
what is certainly a more important object than chymical instruc* 
tion; viz. the necessity to embrace every favorable opportunity 
of infusing such principles into the youthful mind, as might de^ 
fend it against immorality^ irreligiony and scepticism. 

The arrangement of the chapters, the order of the piatter, and 
indeed, die whole plan piajr also seem to require an apology, es- 
pecially to those who may perceive that the disposition of the 
subjects is difierent from that of every od)er chymical writer; but 
it is hoped that the reader will be satisfied with the astoraooe» 
{hat this method of distribudon was not adopteJ but udm the 
most mature deliberation, and that the amhor kkd no ol^ecc in 
view but to aflbrd to the student a greater £icility in die acquisi- 
tion of chymical knowledge; being persuaded that a strict regi> 
larity of classification cannot always be so practical, or so well 
understood, in this and in many other branches of scirmce, until 
the young mind be first prepared by the acquirement of xht mo?«t 
easy and obvious trudis. In chymistry, and in many oCtcr partt 
of philosophy, it were often better for the student to c//f7»fr;^r>/ c 
at once by experiments, and thence to advance to fhc/ry^ iu - 
tances of the siKxess derived from thas nv^de are t.^A yf4ft*if$f^ ; 
nay, they arc cren numerous. Doctrr Frir**}y U ^ *"^,'^ t" / »t»'^ 
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example ; nor sh^|| a Uack; a* Cavendbby or jt Lavoisier be 
omitted ; the lasVof whom certainly founded his well digested 
theory i^n the results of many previous experiments. ' 

Upon ^ whole, then,, the proficient iftust not expect to. find 
either a new or complete system of chymistry detailed in these 
pages : for if, the cudiments of the science be drawn in such form 
as to invit^a ypulh to 'study larger and more extended works^, 
and prepare him to imbibe oolv that theory which he can substan- 
tiate by his own ^periments, the chief design of the author wilt 
then be fully accomplished. 






^* In the course of the work the author has endeavoured Co direct the stu- 
ileiit to the best treatises in each depanmentof the science i thi9> he ho|>es 
wiU sreatly facilitate a proj;re8ftiTe improve Aent. 
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THE text of the following elementary treatise was undertaken 
without any view to publicationi being intended by tht 
author inerely for the instruction of his only child. Finding 
however, as he proceeded, that it would unavoidably attain a 
larger, size than he had expected, and conceiving that its cate- 
chetical form gave it a simplicity and plainness not usually found 
in works of this nature, he was led to think of the propriety of 
publishing it. Other considerations then presented themselves^ 
and, fix}m a high opinion of the value of chymical knowledge, and 
the vast importance of inspiring a taste for it in early life, he ima* 
gined it might not be thought presumptuous, were he to give to 
the world what had cost him so much trouble to compile, and 
what he considered to be better calculated to teach the rudiments 
of the science to young people than any other book with which 
he was acquainted. Having endeavoured to give the whole mother 
an inviting appearance than otherwise, even to youth, he pre* 
Bumed that such a performance might prove exceedingly useful 
in those seminaries where the preceptors have not had leisure or 
opportunity to study more elaborate treatises ; and that it would 
also enable parentrwho are not qualified by previous acquirements 
to instruct their children in the elements of chymistry, than which 
there can be nothing more essential, in whatever line of life a 
youth may be destined to move. But a more powerful motive was 
the desire to exhibit, in a popular form, a body of the most incon- 
trovertible evidence of the wisdom and beneficence of the Deity 
in the establishment and modification of those laws of matter 
which are infinitely and beautifully varied, and whose operation 
is too delicate to be the object of general notice. For if it coul4 b^ 
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proved to the satisfaction of youthi that matter is subject to a vast 
variety of laws which escape common observance; and that» in 
the adjustment of those laws, the most minute attention, if it may 
be so expressed, has been paid to our convenience and comfort-— 
it was imagined such a detail would tend to make a more indelible 
impression on the young mind, than the display of the same good- 
ness in the operation of causes which come under our daily notice 
and observation. 

With these views he could not but entertain a £ivourable opinion 
of the probable utility of a work upon such a plan, if properly 
executed. It was therefore with the utmost diffidence and anxiety 
that he ventured upon the task of preparing the following sheets 
for the press: — actuated, however, by the desire of being useful^ 
he hopes that their imperfections will not expose him to unme- 
rited reprehension. A work of this nature, particularly where 
such a mass of facts is crowded into one single volume^ must be 
liable to errors and imperfections; but as he has chosen a ne^ 
path, the allowanceis due to the defects of a first attempt will nqt, 
he confidently trusts, be refused him, especially by those who sire 
aiirare of the. labour and of the difficulties which attend the coi&* 
piiation of an elementary treatise. 

In order tarender the generality of parents and preceptors mort 
competent to explain and expatiate upon the variety of facts which 
this science presents, and to qualify them in some measure to afiRird 
such answers to a number of questions whichrthe young pupil, as 
he advances and becomes more interested in the experiments, will 
not fail to demand, the author has added a variety of explanatory 
nQtes. Many of these notes will be found to contain new matter, 
OF, at least,, what is not generally known or published; others, 
and perhaps tKe majority, were drawn from various sources: but, 
as many were quoted from memory, and still more from the com* 
mon<-pkce book of the compiler, he was compelled, in some 
instances, either to omit the authorities, or entirely forego the 
advantages he had derived from the works, experiments, and 
opinions of some of the most enlightened chymical philosophers 
of the age. Here he has constantly been guided by one rule— to 
produce rather what is useful than original. 

The author is not without his apprehensions lest some of the 
very numerous facts so interesting to young people, notwithstand- 
ing his best endeavours, should have escaped his notice; and in 
this instance he particularly begs for indulgence, as the greater 
part of his time is devoted to those occupations which are inse- 
parable from the superintendence of a great chymical manufactory. 
However, should the work attain a second edition, he will grate>» 
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fully receive, and gladly avail himself of, any suggestion that shall 
be offered. 

llie moral reflectiohs, which frequently occur, will probably b% 
regarded by some as irrelevant to the subject; but, in compiling 
any initiatory book, no writer, as a parent, could lose sight of what 
is certainly a more important object than ehymical instruction; 
viz. the necessity to embrace every favourable opportunity of in* 
fusing such principles into the youthful mind, as might defend it 
against immorality, irreligion, and scepticism. 

The arrangement of the chapters, the order of the matter, and^ 
indeed, the whole plan may also seem to require an apology, espe» 
cially to those who may perceive that the disposition of the sub- 
jects is different from that of every other ehymical writer; but it 
is hoped that the reader will be satisfied with the assurance, that 
this method of distribution was not adopted but upon the most 
mature deliberation, and that the author had no object in view 
but to afford to the student a greater facility in the acquisition of 
ehymical knowledge; being persuaded, that a strict regularity of 
classification cannot always be so practical, or sq well understoodf 
in this and in many other branches of science, until the young 
mind be first prepared by the acquirement of the more easy and 
obvious truths. In chymistry, and in many other parts of philoso- 
phy, it were often better for the student to commence at once bj 
experiments, and thence to advance to theory. Instances of the 
success derived from this mode are not wanting; nay, they are 
even numerous. Doctor Priestley is a very striking example; nor 
should a Black, a Cavendish, or a Lavoisier be omitted; the last of 
whom certainly founded his well digested theory upon the results 
of many previous experiments. 

Upon the whole, then, the proficient must not expect to 'find 
either a new or complete system of chymistry detailed in these 
pages; for if the rudiments of the science be drawn in st&h form 
as to invite a youth to study larger and more extended works*, 
and prepare him to imbibe only that theory which he can sub- 
stantiate by his own experiments, the chief design of the author 
will then be fully accomplished. 

* In the course of the*work the author hat endeavoured to direct the 8tu* 
dent tu the best treatises in each department of the science i this, he hopet, 
will greatly facilitate a progressive improvement. 
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ADDRESS TO PARENTS. 



AS soon as children begin to talk freely, they discover a 
desire to know every thing around them, and to be ac- 
quainted with the cause of every effect which arises in their 
presence. Curiosity and a thirst for knowledge seem to bi^ 
natural to man. llie great art of early education, then, coi^ 
sists in supplying this curiosity with such a series of gratifications 
as is calculated to keep the principle alive, and to deposite at tht 
same time those seeds which cannot fail to produce useful and 
valuable fruit in future life. 

If the child have the usual activity of children, ctiriositj will 
be found to be the prominent feature, and if the Parent do not 
bestrew his path with innoxious flowers, he will not fail to find 
something to strike his fancy, among the destructive allurements 
which every where surround him. 

Aware of this propensity, and of the necessity of providing in 
kifancy some sort of employment for the youthful mind, many 
judicious parents have endeavoured at this period to select for 
their children such stnusements and conversations as are directed 
iJely to the discipline of the heart and of the affections. 

Hi|[hly as I respect and applaud such motives, I cannot but 
be of opinion that at a very early age something likewise may be 
Ame towards cultivating the Understanding; and that, while the 
beart is moulding to every thing which is amiable and lovely, an 
hour or two may be employed each day, in laying a foundation 
far a superstructure of useful knowledge, without overburdeninc" 
tte yontfaiol vm^ or prododsg that distato for books whii 
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some parents are apprehensive would be the consequence of la 
early attention to them. 

Every man of reflection must be convinced of the importance 
of (economising time even in childhood ; for whatever useful know- 
ledge can be communicated in infancy is clear gain, and will 
allow so much the more time in future for further acquisitions. 
If youth are designed to move in the active scenes of life, they 
will have bjat little time in the previous years for the attainment cf 
those various branches ^l^nowledge, whkh are necessary to make 
them valuable and resectable characters. Surely then the pa- 
rents of such youth ought to embrace every opportunity of im- 
parting whatever the child wilt receive with pleasure) and retain 
with profit. But here it cannot be denied that great circumspec- 
tion is necessary, that variety and amusement may be united with 
instruction -, and that the interference of the parent may always 
ace in subservience to the curiosity of the pupil. To this end 
every toy may be made the vehicle of some useful truth, or used 
to illustrate certain known principles in mechanics or philosophy. 
And knowledge thus acquired will not easily be obliterated. 

Parents who see the advantages of laying an eariy foUfidaHioil 
for a liberal education, will doubtless make choice of di£fertat 
sciences to begin with, according to their own views of the lA 
portance of each i and books may be found on most subjesls 
suitable to their purpose. For my own part, I should ptrfiir 
Chymistry^ in thejirst instance; this I should do on many accovnli. 
Having observed that few people make any proficiency in the kaoi^ 
ledge of Chymistry, who have not acquired a taste for it in mr^ 
life *, and conceiving that very many advantages arise frooi i 
general diffusion of this knowledge ; I would endeavour to impart 
it in such a way that its elementary doetrines should become pt^ 
fectly familiar^ and be always at hand te explain the variety rf 
natural occurrences^ ^hizh are ever presenting themselves . to i 
observant mind. To effect this it must be taught early^ and with ik$ 
utmost plainness; though I know of no bodk on the subject which 
is adapted to the capacity of children, or which a Parent, who k 
unacquainted with the science can make use of in instructing Ul 
child. • 

From the jMresent state of our chymical knowledge^ and tfal 
improvements which are daily making in our arts and mtfnu&c* 
tures by the application of its principles, it is become absolnt^ 
necessary to make chymistry a part Of the education of every ycnm 
who is designed for a Manufacturing Trade, or who is likely il 
figure in the higher ranks (f l^fe* 

, And this may be effected much easier than will at first be inu^ 
^ed : for the chymica) changes wUnh are produced od subsiaactl 
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Sttbihitted to experiment are calculated to engage the attention, 
and to impress the memory, by the gratification of that love of 
novelty which is common to youth. 

To this end all that is necessary, is a short, plain, elementary 
work, rendered interesting by a set of simple aad striking experi- 
ments. Thb I have endeavoured to furnish iii the following pages, 
and judicious parents and preceptors may add much to their value 
by the addition of many experiments which their own reading and 
reflection will suggest. 

But as some persons may not be apprised of the value of chy- 
mical knowledge, it may be necessary to enumerate a few of the 
advantages which arise from its acquisition; for, in order to induce 
that general attention to the science which it deserves, its utility 
must be demonstrated: 

It would be no difficult matter to show that the world might 
derive great advantages even from the diffusion of a theoretical 
knowledge of philosophy and chymistry. An instance or two will 
place this assertion in a clear point of view. Two thousand years 
ago, Archimedes was ridiculed for his attention to mathematics 
and the abstruse sciences ; yet, owing to this knowledge, he was 
enabled to invent such mechanical engines as were sufficient to . 
resist' the whole Roman army. And such a dread had the soldiers 
of this man'^nowledge, that if a rope only were ^ung down the 
walls of th4pty of Syracuse, the whole army would retire from 
before it in the utmost consternation. • . 

A further proof of the importanceof the dissemination of chyoxi* 
cal knowledge may be taken from the construction of the Steam 
Engine; Mr. Watt having often acknowledged that his^rj^ ideas 
on tlus subject were acquired by his attendance on Dr. Black's 
Chymical Lectures, and from the consideration of his theory of 
latent heat and the expansibility of steam*. 

The well informed people of France are so satisfied of the Im- 
portance of chymical knowledge, that chymistry is already become 
an essential part of education in their public schools. It shall be 
my business in this place to endeavour to demonstrate, that it is of 
equal importance to the various classes of our community that the 
science should be cultivated with the same ardour in these Kingdoms. 
The science that we are recommending to your regards, has for 
its objects every substance of the material world, and is therefore 
equally interesting to every civilized nation upon earth. 

Is your son born to opulence, — is he the heir to an extensive 
domain ; make him an analytical chymlst, and you enable him to 
appreciate the real value of his estate, and to turn every acre of tt^ 

■•y 






.^MttlSS TO PAEENTS. 

. v^. .VVX.MMC. His he a barren tract of country, which hsdr 

,*.-v u^^4to<^er^m generation to generation, he will explore 

X .» . - -.^x* ;ox:ity for hidden treasures, and will probably not 

^^ . .w . u viUM« By analysing the minerals which he discovers, 

^ '. .^ .j<v*c«n with facility and exactness what proportion of 

«Vi;4t vwmain, and which of them may be worked to profit, 

:«vv V vtU operate on sure grounds, and will be prevented from 
M(v*V^ ^ expensive and unprofitable undertakings. 
v" ^ristry will teach him also how to improve the cultivated patts 
^ j^i» cerate; and, by transporting and transposing the different 
N)/iji)s$« how each may be rendered more productive. The analysis 
^it rbe soils will be followed by that of the waters which rise upon, 
w liow through, them; by which means he will discover which 
.ire proper for irrigation ; a practice, the value of which is suffi- 
ciently known to every good agriculturist. 

Will he occupy his own estate^ and become the cultivator of his 
own land; he must of , necessity be a chymist, before he can be 
an oeconGmical farmer. It will be his concern not only to analyse 
the soils on the diiierent parts of his farm, but the peat, the marl^ 
the lime, and the other manures must be subjected to experiment^ 
before he can avail himself of the advantages which might be 
derived from them, or before he can be certain of producing any 
particular effect. The necessity of analysis to the farmer is evident, 
from a knowledge of the circumstance, that some kl||l of lime is 
injurious*to land, and would render land hitherto fertile actually 
sterile. Besides, a knowledge of the first principles of chymistry 
will teach him when to use lime hot from the kiln, and when 
slacked i how to promote the putrefactive process in his composts, 
and at what period to check it, so as to prevent the fertilizing par- 
ticles becoming effete, and of little value. It will teach him more- 
over the difference in the properties of marl, lime, peat, dung, 
mud, ashes, alkaline salt, soap waste, sea water, &c. &c. and, con- 
sequently, which are most suitable for the different kinds of land* 
A knowledge of the chymical properties of bodies will thus give a 
/;^(; character to the agriculturist, and render his employment 
rational and respectable*. 

Are you a Practitioner of medicine, and have acquired great 
and deserved reputation in your profession, — if you are not a 
chymist, you must recollect many painful disappointments, and 
must have witnessed very unexpected results from the effects of 

♦ Ltvoisier cultivated 240 acres of land in La Vendee, on chj-raical prin- 
ciples, in order to set a good example to the farmers \ and his mode of culture 
was attended with so much success, that he obtained a third more of crop 
than was obiained by the usual method, and in nine years his annual produce 
^vps doubled. Laland'« Life of Lavoisier* 
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flwdicbey when jou have adminislered two or more powe iM 
remedies in conjunction. A slight knowledge of chymistry would 
have informed you, that many of the fbrmnix in theTharmaoo* 
peia, which are salutary and efficadons, are rendered totally other* 
wise, if given with certain other medicines, — not to say ofttm 
destructive. Many instances of these chymical changes might bo 
Induced, but one will suffice. Mercury and oxyoMuiatic acid haie 
both been administered by medical men, and, apmrmidy^ tnberd 
them may be taken witfuMit any injury to the ammal oecooomy} 
but if a physician, ignorant of the chyinical opc ratk io of bodies om 
each other, should give these substances im caiyMmaim^ the 
dreadful consequences might ensue, as O KjuimiJ te of wuacm 
most corrosive poison. 

Does your son wish to fioUow yoor foftiiion, charge 
when he walks the hospitals, to pay partkolar atternkm to ths 
Lectures on Chyoiistry, and to make htmaelf matter of the tkcf^ 
mical affinities which suhnst b ei w cca the varioos artides of the 
Materia Medica*. Thb wili intpirr him with p r ofe n iou al confi- 
dence; and he will be assure of prodociBg any parDcnhB- lii ? luio d 
efiect upon his patient as he would if he were oper aiii ^ m Ua 
own laboratory Besides, the hamaa body is itidf a h i b o i jtta rf^ 
in which, by the varied fanctioiK of aeuttioii, afanrpdoD, Ibc* 
composition, and decompositioii, are p e ip c UM lly crnng od^ Jmiw^ 
therefore, could he expect to nndentand the animal econnuf # '£ 
he were unacquainted with the c&cts whkfc certain tamn xinf^ 
mically produce? Every insp i rj i iw i we take, aad ewcry idhe that 
vibrates within us, effixts a cbjmkdtkam^mfmmikt anmoL 1^^ 
the nature of whkh r e quir e s the a caunc i a rf a ygpfownil €3oatwm 
to perceive and undentaod. Ncidicr caa a f t^ j t Ku m catijtriwwS 
the nature of the amoHy, vegictaUe, or mimrd fmmmm, -B^Bhiwr 
the aid of chymistryf • Ifaiiy thaaaaad m9» kwr imm mk Hgr 
pois<Hij which mig^ have beeii ssned if dae jfcyskaas kMd 



* Mr. Deyeor has tkamm, dbt cvca iSiie frtfrn^uut vS yaa^vn maj w 
much improvdl by cbygvsirjr. Ha* np^nnn* po^fv m. -tie yjrx i4mii«'.' «£ 
the AnnaJes de Chimse, rnatiiw mmtSk cmtmik^fmMrp wvL mtem nit ftnk^ 
lalof medical oiea. 

f All mmal and ^fefrtMt fmmrn 4tmnj W iaMudnistig ikc kusodL 
Substances tihicb coBtata a bf|^ f«r^«i#f 
nuh poisons. On tbc contmy jmk«& 
tlie oxygen they contain. Mcta«s are 
but wbini converted into osidcs 





ing to die portion of mugm CMBMci wiA thtm. Tbn* tkt _ 

white oKideis of nKrcvy a«c only fmy^ktm m alttratifc ; wb:ie tbe red oaide 



b a corrosive poison. Decoctions oi nark, ksving a great aftaiiy €or 

bare been given to coonternct an ofcr dote nl amiwnnial powder, anA bate 

yrodoccdtbe 



1), ,1.1 •*•♦» •^'"^ 

^ J ^ \^^ ,, mil U^' n».iv wr acquire by a cul- 
\ ^ ; .. y^»,i^ vUo\i^v;U the operation of many 

^ \i ^k* »v *« thc« ^'^^ '^^ll understood, 

, 1 . . .. i ^^. ,.( ,Kx.M'^*»v c.m e«Mbie:hepricriti*ner 

, .,v"».v^..» *- * * .vimc^ic: :i«r baneful 

% \ .\ , •■ X ^ -*t :iie krogdomy there is 
V .. N V ^- ^-> -- -^'^ »^ depend upon chy- 
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vvv,..x"x» > .—.-^'^^-^■eac* cr for its successful 

^, ., -i. - ^-t -rse J?nnexion which sub- 

. .-^ •- r-s : «:il be necessary to take a 
.^ . . X '^^ ■ ---^ vfncst J« carried on in these. 
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.^■r is the manufacture of 
-. .... smelting of the ore to the 
p^errtton is the effect of efey- 
, -^ -^^^ -t' requires no small share of 
^ <*< ^* appreciate the value of the 
,^ ^^>-^» vr their reduction, which shall 
,;^ w^^MT Hunner for facilitating their 
^.^^^1^ -n^ The subsequent process to 
A, . !,«« 4rr entirely chymical, and will be 
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'M importance of chymical knowledge to 

V, H ••%»!♦ forcibly than a thousand argumentt. 

«« .^«». ^ saving a valuable life, I feel great plea- 

i jviiKXirv, in one of the northern countie$%, hav- 
^..«.« w«» seized with symptoms which convinced^l 
>o^ itvt know.ng what noxious matter he had^f 
.. i ^ii-klysing the ifmainder, no antidote could be . 
^« I v\* A*. loHt. A pliysician had been called in, but 
noi hiK p.iitncr, could get any information by 
^ ,%'.'»vnlsi>t the fatal bottle; though, I undernrand, 
^, .:«!!« ii'd Ml ^Me.11 leputaiion in their profe>sion. In this 
^ ^a'lK f At h\<x one of them lecolUcied that a n^igh- 
-x.'. 4 ».<*' <'K iv|»ui.\Ui»n of heing a ^ood chymis'. To him the 
< ;.:,' ',1^ i'*»«»"^* *'* 'ho p licni hastened, to get the dregs a:.nly}-ed, 
^«.vii WS^^ v'iif;Ui \s* W iubuMtiNteicd. Fortunately, this gentleman had 
■'■- i.viiu-i'x H^'vk vi '!V^^*, which I had procured foi his brother, 
|[^%u i^Mk u»hiiu but a veiy short tinu beioie. By this book 
iv< «4^««U(0 thrtl I he poi>oM waA oxide of antunony : and when 
, iit^'iw^l vf 11 1 he ir\\ llecieil that aittimon.al w^ne had been 
-*'HIv «v^mw whm V\ Ioic ; and vup^vt cd that the porter mnst have 
vilhv^^t itiv iltv^« beiu^ prof^eriv \v;l^hed out. When the nature 
(hM^ <is^\iia«unl| the |;:enilenian had no d tBcultyin ditect- 
ii« A i>h'|H'« .uii'0«'tVk \v. -ch >va> admin.>teied immediately ; 
f \\\\U*\\\w\W \\\M\ XV s piv^crxtd ; but, in con>equence of 
!«« thipittr |« vvh«us t«^ )t« exhib.t'vn, the poison hadso far 
A \\\^ K\ M% >n .IS to de|tiive hnu i f the u$e of a limb. 



ADDRESS TO PARENTS. A UK 



I 



f 



conducted to the best advantage only by those who have acquired 
a knowledge of the chymicai changes which take place in these 
operations. The making of cast steel, which has been kept lo 
profound a secret, is now found to be a simple chymicai process^ 
ai^ consists merely in imparting to the metal a portion of cartv>ii^ 
bjMneans of fusing it in crucibles with carbonate of lime. 

The manufacturers of utensiU^ tifc. in cast iron (called iron 
founders) will also acquire some valuable information by the 
study of cbymistry; as it will teach them how to mix the different 
kinds of metals; how to apportipn the carbonaceous and calcare^ 
ous matter; and how to reduce the old metal, which they often 
receive in exchange; many hundred tons of which are annually 
sent away as ballast for* ships, for want of that kficnvledge^ which 
woulcl enable them to convert it into good saleable iron. 

The WOOLLEN, the cotton, and the calico manufactures are 
also become of great importance to these kingdoms. In order to 
preserve these sources of national wealth, the utmost attention 
must be paid to the beauty, the variety, and the durability of their, 
several colours. Now of all the arts, none are more depeuvtent 
upon Chymistry than those of dying and calico printing* 
Every process is chymicai; and not a colour can be imparted, but 
in consequence of the afiinity which subsists between the cloth 
and the dye^ or the dye and chc mordant which is employed as a 
bond of union between them. It is surely then evident how valu- 
able a chymicai education must be to that youth who is designed 
for either of these trades, and how necessary is that portion of 
knowledge which shall enable him in a scientific manner to analyse 
his different materials, and to determine the kind and the quantity 
necessary for each process. After all, his colours will be liable to 
vary, if he do not take into the account, and calculate upon, the 
changes which take place in them by the absorption of oxygen. 
A knowledge of which, and of the different degrees of oxidize- 
-aient, which the several dyes undergo, requires no small share of 
chymicai skill; and yet this skill is absolutely necessary, to enable 
either the dyer or the calico printer to produce in all cases perma- 
nent colours of the shade which he intends. Mtreover, these 
artbts must be indebted to chymistry for any valuable knowledge 
which they may acquire of the nature of the articles they use in 
their several processes; not to say that they are wholly dependent 
upon this science, for the artificial production of their most valu- 
able mordants, and for some of their most beautiful and brilliant 
colours. 

The art of bleaching, which is so intimately connected with 
calico printing, has also received such great improvement from the 
^ience of chymistry, that no man is now capable of conducting it 
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to the best advantage without a knowledge of the prindplei oA 
which the presetit practice is established. 

The manufactures of earthen ware and porcelain, which 
i;^ere so much improved and extended by the industrious and in* 
getiious Wedgewood, and which are become by his mean^ai 
source of national wealth, and give employment to thousands of 
the community, are dependent upon chymistry for the successful 
management of all their branches, from the mixture of the mate^' 
rials which form the body of the ware, to the production of those 
brilliant colours which give a value to the manufactures by their 
permanency and beauty. 

Mr. Wedge wood was so sensible of the importance of chymistry 
to these arts, that he not only applied to the study of the science 
himself, but upon the death of the celebrated Dr. Lewis (author 
of the Commercium Philosophico-Technicum) he actually enga- 
ged his assistant, a Mr. Chisolme, to experimentalize with him^ 
and to devote its nvhole time to the improvement of the manufac- 
ture by the application of his chymical knowledge, of which per- 
haps few men in the kingdom at that time had a larger share. A 
faint idea of the advantages which he derived from these soiurcet 
iliay be conceived from the following circumstance. Dr. Bancroft 
in his Philosophy of permanent colours, when treating on iron^ 
Says, *< t remember having been told, by Mr. Wedgewood, that 
nearly all the fine diversified colours applied to his pottery were 
produced only by the oxides of this single metal." This one fact is 
sufficient to show with what assiduouis application he must have 
studied chymical science, and how insufficient every attempt to 
bring his manufacture to the perfection which it has now attained, 
would have been, without this attention. 

The sister art of making glass is also entirely chymical, con- 
dsting in the fusion of siliceous earth with the oxides of lead and 
alkali. In this trade, as well as in many others, the r^mir^i/ manu- 
facturer, and the man of enlightened experience, will have many 
advantages. He will not only know how to analyse his alkalies 
and to ascertain their exact value before he purchases, but he will 
be enabled, on chymical principles, to ascertain the exact quantity 
necessary for arty fixed portion of silex, which tdth others must 
always iti the first instances be a matter of uncertainty, and must 
repeatedly subject them to losses and disappointment. 

The TANNING OF HIDES is a process which was formerly carried 
on by persons who merely followed a routine of operations to 
which they had been accustomed without knowing the real cause 
of any of the changes produced on these substances. This art> 
which consists in impregnating the animal matter with a peculiar 
principle taken from the vegetable kingdom^ which enables it to- 
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t^ist moishtre, and gives it great strength and firmness, hat bees 
well explained by ^&. Seguin. According to him, the gallic add 
of the bark deoxidizes the skin, and as the skin loses its oxygen 
the tan combines with it, and forms it into leather*. It is now 
known, that many substances, besides oak bark, contain tan, and 
to modem chymistry we are indebted for the means of discover- 
ing with accuracy the Quantity of tan which the several astringent 
vegetables contain. The artr will owe a further obligation to thit 
science whenever it shall lead the way to the discovery of a eheapi 
substitute for oak bark. At present the demand is so great that tt 
is not only imported from the continent, but trees are cut down in 
this country on purpose for the harl^ which are of no other use what- 
ever. Should the chymical tanner not be fortunate enough to 
make ^ discovery of the kind just mentioned, he will at least be 
aUe to analyse the substances now in use, and to appreciate their 
relative value; a*matter of no small moment to a man who operates 
upon a large scalef . 

The manufacture of sdAP, a trade of considerable importance^ 
and which materially aids the revenue of the country, has in 
general been conducted, like many of the foregoing, without an/ 
regard to system; and yet, perhapo, there is no art which may be 
benefitted in such various ways by chymistry as this. To those 
who are designed for this trade I have no hesitation in recom* 
mending the study of the science as a matter of the Jirst import- 
ance. Many thousands per annum, which are now lost to the 
eommunity, would be saved, if the trade was in general carried 
en upon scientifick principles. Make a soap boiler a good chymist 
and you teach him how to analyse barilla, kelp, potash, &c. so aiT 
to ascertain the proportion of alkali in each, and which is the most 
advantageous for him to purchase; a matter of mere guess with 
the common manu&aurer. When these articles are at an exor- 
Utant price, he will have recourse to various residuums, which he 
will decompose hj chymical means^ and make use of as substitutes. He 
will learn, in choosing his tallows, how to avoid those which con- 
tain a large portion of sebacic acid, which require much mori 
barilla t^an good tallow, and yet produce less soap. He will know 
how to oxidize the common oils and oil dregs, so as to give them 
eon^tence, and render them good substitutes for tallow. He will 
know how to apportion his lime so as to make his alkali perfectly 
icaustic, without esing an unnecessary quantity of that article. He 



* See hit '* Report to the Committee of Public Safety, on the new Methods 
of Tannine.'* It is printed in Annaies de Chimie, torn. 20, 15. See also 
Mr. Davy^ Paper on thit tbbject, in the Philos. 'I'rans. vol. 93> 233. 

t Davy. 
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will be aware of the advantage which may be derived from oxyge-: 
nating the soap while boiling; a knowledge of the chymical affini- 
ties will teach him how, at a cheap ratCi to make as good and as 
firm soap with/o/^/^, as with the mineral alkali; and how to take 
up the heterogeneous salts so as to give the alkali full opportunity 
of forming a chymical combination with the oils, tallows, &c. And 
lastly, he will know how to make use of the waste lies so as to 
decompose the salts which they contain, and convert them to good 
and serviceable alkali, to be used in future operations. 

The manufacture of candles, which is frequently connected 
with the foregoing, though it is of comparatively small import* 
ance, may yet derive advantages from chymistry, which would 
repay the study. Foreign tallows, which frequently contain a large 
portion of acid, rendering them inferior tq the English, may be 
purified at the most insignificant expense, by chymical means; 
and by the proper application of chymical agents, other brown 
tallows may be rendered beautifully white, and fit for the best 
purposes. 

Where great quantities of candles are used, as in large manu- 
factories, mines, collieries, &c, a great saving would arise from 
the use of carbuireted hydrogen gas, which produces a beautiful 
intense light, much more cleanly than oil or tallow, and at little 
or no expense. A slight knowledge of the mode of managing 
the gases, would enable the proprietor of collieries to procure 
this gas from th; small coal, which b trodden under^foot^ and to 
light up his coal pits with it with the greatest safety, and at no 
EXPENSE. If this mode were adopted the workmen would be 
lighted much better than they can possibly be by any other means ; 
many thousand pounds would be annually saved to the communis 
ty ; and the many tons of tallow which are now consuming in 
these subterranean works, might be used in the manufacture of 
soap, which would tend to lower the price of that necessary ar- 
ticle, and render our poor more wholesome and comfortable. 

The BREWING OF FERMENTED LIQUORS, which is a trade of 
considerable consequence in the metropolis, is a chymical process 
altogether. To those persons, whose concerns are so large that it 
would require a princely fortune to purchase even the utensils^ it 
must surely be of the utmost importance to, Acquire some know-, 
ledge oi xh^ principles of bodies, and of the nature of those changes 
which take place in the materials upon which they operate. I 
would therefore say to such persons. Give your sons a chymical 
education, and you will fit them for conducting, in the best possi- 
ble manner, the business which you have established. Hence 
they will learn how the barley^ in the first instance^ is converted 
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to a sacharine substance by malting* j fxnv the fermentative pro- 
cess converts the saccharine to a spirituous substance; and hcifv 
the latter^ by a continuation of the process^ becomes changed into 
vinegar; The natitre of fermentation (which till lately was entirely 
unknown) will be studied and understood; and they will not only 
have learnt the means of promoting and encouraging this {N^ocess, 
but how to retard and check it, whenever it is likely to be carried 
too far; so that the scientifick brewer will be as sure of uniformly 
obtaining satisfactory results, as he would if he were operating on 
matter by mere me^anical means. 

In like manner the distiller ; the maker of sweet winbs; 
and the vinegar manufacturer; will all receive benefit from 
the cultivation of the science we are recommending. Till the 
promulgation of the new chymical doctrines the making of vine- 
gar was carried on like many &iher trades, in which the makers 
themselves had no idea of the nature ef their own process. An 
acquaintance with chjmistry will teach them many important ' 
matters; particularly, how it is that the spirituous fermentation 
is succeeded by the acetous; and how the Hquor acquires the 
substance necessary to produce this change. When this is once 
known, they will soon find by experiment how to oxygenize 
their w^sh at the least expense, and in the least possible time. 
Indeed, when chymical knowledge is more advanced, the process 
which now takes several months will probably be completed in 
as many days. 

The REFINING OF SUGAR is also a chymical process; every 
branch of which depends upon laws well known to chymists. 
The separation of the sugar from the molasses; the absorption of 
the superabundant acid; the granulation of the purified sugar; 
and the chrystallhzation of candy; will all be conducted most 
ceconomically, and with the least difficulty, by those who have 
studied the science with a view to the improvement of their art. 

The REFINING OF GOLi> AND SILVER may appear to be merely 
a mechanical operation ; but even in this trade the artist cannot 
produce a single effect which is not attributable to the play of the 
chymical affinities. 

The manufacturers of alum; of copperas; of blue vitriol; 
and of all other salts; would likewise do well to become chy- 
mists, before they attempt to bring their several arts to the per- 
fection of which they are capable. The crystallization of salts 
depends upon so many adventitious circumstances, that no small 
share of knowledge is necessary to enable a manufacturer at all 

• There is a rahnble paper on tl.Is subject in the fifth vol. of the Memoirs 
ff the Nfanchester Society, by Mr. Joseph Collier. 
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timesy and in all seasons, to produce the article he intends. T!B 
lately the makers of alum bought alkalies of every description* 
An accurate analysis of alum has now discovered) that pota^ and 
ammonia are the only alkalies which enter into the composition 
pf alum; and consequently, that large sums have been expended 
by the manufacturer for an article of no use. 

In like manner it might be shown, that the making of oil of 

TITRIOL, the REFINING OF SALT PETRE, and the MANUFACTURES 

of PRUSSIAN BLUfi, CUDBEAR, ARCHILL, and Other colours, are all 
dependent upon chymistry for their improvement and successful 
practice: — ^but I flatter myself that the examijj>les already adduced 
are sufficient to show that chymistry is now a necessary branch of 
the education of youth. Even the management of a garpen may 
receive improvement from a cultivation m this science. 

The various operations of nature, and the changes which take 
place in the several substances around us, are so much better 
understood by an attention to the laws of chymistry, that in every 
walk of life the chymist has a manifest advantage over his illite* 
rate neighbour. And it may be remarked, that in case of foUun 
or disappointment in any particular line of commercial manufoc-^ 
ture, the scientific chymist has resources as various as the produc- 
tions of the country in which he lives^ to which the uneducatedi 
'sian has no acoMs. 

Were parents a'uMre of this truth, that sordid maxim ffrimo 
ffiveref deinde philosophari^ would not be heard: but every youth 
ivould be instructed in the first principles of natural philosophy 
and chymistry, as the means of qualifying him for conducting the 
concerns with which he might be entrusted, to advantage. If 
« knowledge is power,'' surely the hve of knowledge^ and a taste 
for accurate investigation, is the most likely way for conducting to 
opulence, respectability, and rational enjoyment. 

It has been objected to the teaching of chymistry to youths 
that it is a science difficult to acquire ; and that the terms are an 
insuperable bar to its early attainment; but I am of opinion^ that 
the elements of chymical knowledge may be taught much earlier 
than is imagined by many who never made the attempt; and thaty 
instead of any difficulty arising from the technical language of the 
science, the preceptor will find the new nomenclature a consider*^ 
able auxiliary, greatly facilitating the communication and reception 
ef its general doctrines*. 



* Hear what one of the most celebrated French chymists says upon this 
subject. " I have," says he, " adopted the new nomenclature in my lectures 
and writings, and I have not failed to perceive, how very advantageous it ia 
to the teacher ; how much it relieves the memory ; how greatly it tends lo^ 
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SvmI^ the tenns oxygen, hydrogen, nitrogen, and caloric, aatf 
he learnt and retained with as much ease as adjective, participk» 
fureposition, and interjection; independent of the perpetual ton-. 
iiexion there is between the former and the several branches o£ 
the science; which circumstance soon renders all these termf 
extremely familiar. 

The curious facts attending the vegetation of plants, and the 
metamorphoses of insects, are Very properly allowed to occupy the 
^mrliest attention of children ; but are not o^ the wonders of nature 
adapted to make indelible impressions on the young mind*} andl 
can you conceive of any thing so likely to rouse the curiosity,^ at 
Aose striking changes which substances undergo in a series ef 
well chosen chymical experiments? 

Moreover, it is universally allowed, that in education nothing 
k so difficult as to induce young people to exercise the ficulty « 
iteflectum^ though no habit can be more importanti or more nece^ 
sary to be induced early; especially as it is aa operation of the 
mind which requires exertion, and which is tiresome even to 
aduks, unless they have been early accustomed to it* Now what 
can be so likely to create this hab«t, as the unexpected little exhi- 
bitions with which a chymical parent may occasionally surprist 
his child ? And besides, if the experiments be judiciously chosen^ 
and are such as may be begun and finished in a short time, the 
youth will find himself so much interested, that ether important 
habits will gradually be induced; especially the habit ofappiicationp * 
without which all other acquirements will be of little value. 

Should it be imagined that the chymical lessons and experi« 
ments alone will be insufficient to induce these habits, several 
auxiliaries may be found; such as an occasiond^xhibition of th^ 
mechanical powers; models of machinery; dHKted maps; por« 
traits of men eminent for virtue and talents; collections of ancient 
coins, minerals, and fossils; preserved insects; and botanical spect* 
mens ; all, or part of which, with a small chymical apparatus, would 
surely affi>rd an ample entertainment for those hoi^rs which are 
not occupied by boisterous sports, or athletic exercises. 

This mode of employing the Jirst years would have another 
advantage; it would in time entirely supersede the necessity of 
smaHtojSf which give a frivolity to the mind, and at best can only 
afford a temporary gratification; so that then nothing would remain 



produce a taste for chymtstry ; and with what facility and precision the ideas 
and principles concerning the nature of bodies, fix themselves in the minds 
•f tlie auditorR.*"—* Chaptal. 

* <« In children there is an early tendency to contemplate the works of 
nature, and to inquire.'^— Lord Kaimes. 
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among the pupil's treasures, but such things as were calculated ice 
knpress^some truth, or to promote health and vigour* 
- When these habits of reflection and application are in some 
measure acquired, it may perhaps be advisable to direct the 
attention? to other subject»in conjunction with chymistry: — if so> 
short and detached conversations upon the motions of the heavenly 
bodies; Of short readings in natural history* might occ^ionally 
be resorted to with great advantage; or the sexual system of 
plants might be explained, without any danger of overburdening 
the memory, or producing any inconvenience whatever. Innu- 
merable opportunities will hence occur of pointing out, that the 
\)ariety discoverable in the vegetable tribes, and in the arrange^- 
ments to bring each to maturity, was designed to contribute to 
the convenience of man, and to promote the comfort and happi- 
mess of the inferior creation. A frequent attention to these subjects 
will necessan/y^nd imperceptibly impress the young mind with the 
mssurance^ that the deity is nally good, and that he has provided 
for the felicity of every the most minute and insignificant of his 
creatures. But when he comes to enter fully into the science of 
chymistry, and to observe the infinite variety of contrivance to 
efi^t the designs of the Creator, and which will obtrude them- 
selves upon him on every side, he will be lost in astonishment, 
and will often give vent to his feelings in artless expressions of 
gratitude and admiration. 

With a mind previously prepared to attribute every efiTect to 
the contrivance of a being, whose consummate wisdom is never 
exercised but in conjunction with infinite goodness^ he will enter 
upon the study of chymistry with peculiar advantage; at every 
step some new bMpty will discover itself to his enraptured mind, 
and while the ^^ral substances collected for experiment are 
undergoing changes as astonishing as various, in the hands of his 
preceptor, his attention wiU be engrossed, not only in consequence 
of the amusement which these little manipulations afford him, 
but by the beautiful simplicity and permanency of those laws by 
which the several affinities are regulated and directed. The bene* 
ficial and salutary tendency of several of these arrangements will 
soon become more and more apparent; and if some favourable 
opportunities be embraced of pointing out what would have been 

* Natural history is intimately connected with chymistry, as it must depend 
upon this science for any elucidation of the minute properties of those sub- 
stances, th« outward characters of which it describes } so that what Mr.. 
Dayes has said of the painter, may, with greater truth, be said of the chymist. 
*' The volume of nature is laid open to him : his attention is directed to 
the rast ^ud to the miinite ;. and his imagination clings to perfection with 
i^trifable delig)^t,'^ 
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Ae consequences of a different constitution of things^ such indi|- 
lible impressions in favour of goodness and beneficence will be 
mad^ upon the young mind, as cannot fail to have a happy influ* 
ence in forming the character, and meliorating the heart. 

Moreover, it is the necessary consequence of an atnention to 
this science, that it gives the habit of investigation^ and lay^ the 
foundation of an ardent and inquiring mind. If a youth has been 
taught to receive nothing as true^ but what is the result of escperi- 
tnent^ he will be in little danger of ever b^ing Led away by the 
insidious arts of sophistry, or of having his mind bewildered by 
fanaticism or superstition. The knowledge of facts is what he has 
been taught to esteem, and no reasoning, however specious, will 
ever induce him to receive as true what appears incongruous, or 
•cannot be recommended by demonstration or analogy. 

Having extended this address to a length which I did not 
intend, I have only to recommend it to you^ who are parents, to 
consider the importance of an assiduous aiid ^arly cultivation of the 
understanding. 

If a proper attention has been paid in infancy to the regulation 
'of the dispositions and affections^ you will find your children 
tractable and docile. Economize then their time; husband well 
their early years ; and, instead of driving them to servants for 
their amusements, let them y^^/ that their curiosity is always be^ 
gratified hj you^ and that their sweetest pleasures are derived frorft 
an intercourse with you. With these feelings their confidence will 
be entire and imreserved; to you all the questions of an infantile 
curiosity will be addressed, and to m other will they ever think of 
looking «ther for information or reward. A wise parent then will 
.not lose a moment of this inviting season, but will sedulously 
watch every opportunity of committing good seed to soil so well 
prepared for its reception. He may difier from the generality of 
mankind as to the relative importance which he attaches to differ- 
ent branches of knowledge; but which ever is thought to be most 
valuable, and best calculated for these early days, will surely be 
made choice of, and^ explained with perspicuity and kindness. 

Were parents sufficiently sensible of the importance of the first 
years of life, and would, as early as possible, contribute to the 
utmost of their power to inform the mind, and humanize the 
heart, we might expect to have a rational system of education -acted 
upon by the middling and higher ranks of life; the result of which 
would soon be perceptible in all classes of society. Our nobility 
would hence be entitled to all the respect which would necessarily 
attach to the liberal applications of large incomes to the promo- 
tion of the public good, and to the acquisition and promulgation 
of knowledge ; our magistrates would be upright^ humanei md hith 
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fijgent; onr clergy would be the repositories of recondite «niditioi^ 
and eminent examples of the effect of religion upoo the character^ 
when devested of ail bigotry, in3rstery) aad £uiaticisfn; our mer« 
chants, manufiKturers, and tra d es men , would be economical^ 
Industrious, enterprising, and ingenious; and our country gentle- 
men, << instead of giving themselves to the fowls of the air, and 
to the beast of the field," would be qualified to cultivate their 
estates upon scientific principles^ and to enjoy dieir f ecirtmentt 
mkh philosophic miiid& 



tC^ TiePii^ it aif^^ to g$ thr&ugi fhi Catfchdicat Part ffeaS 
Cbi^er hefare be aitinds t$ the Notes $ fir^ as the Questions generaOg 
^trise out rf' the preceding Answers , the connepdon <f the whole imU ft 
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CHAPTER I, 



INTRODUCTORY AND MISCELLANEOUS. 



What is Chyrmstry? 

Chymistry* is the science which teaches the art of examining 
natural bodies, and of investigating their peculiar propertiesf • 

How do cbyrmsts examine the properties efhdies ? 

The chymical examination of bodies is in general effected by 
producing a change^ in the nature or state of the body under 
examination^, 

* 'V\itf(iUon>itng definitions of cbymistry have been giren by some of our 
best chjnnists. That in the text was chosen on account of its plainness, and 
because it was sufficiently concise to be committed to memory* 

^'Chyroistry is the study of the effects of heat and mixture, with the view 
of discovering their general and subordinate biws, and of improving the 
useful arts/*-— Dr. Black^s Lectures, vol. i, is. 

** Chymistry is that science which treats of those events or changes in natu- 
ral bodies which are not accompanied by sensible motions.**— Dr. Thomson, 
vol. 1.3. 

*' Chymistry is a science by which we become acquainted with the intimate 
and reciprocal ^zxxfok of all the bodies in nature upon each other.**— Four- 
croy^ General System of Chymical Knowledge. 

f The basis of chymical science is the analytical examination of the works 
of nature, and the investigation of the properties and uses of the several sub- 
stances with which we are acquainted : it should therefore be }}m first concern 
of every chymical student to receive nothing as true but what has actually 
been proved by experiment or analogy. Let nim rely upon nothing but facts, 
and he will be in little danger of forming extravaeant or erroneous opinions. 
If we ** dare to investigate Nature, we must see per and try ber on all sides, 
and be sure that she still confesses the same thmg. 

X This change is frequently effected by the addition of some other sub- 
stance, whic!b forms a combination with a part of the substance under exa- 
mination, and leaves the other part in a detached state. On this principle 
re-agents, or chymical tests, are employed, the operation of whidi will be 
explained as we proceed. 

\ To the eye many substances appear similar to other substances, though 
they possess ditfeitnty and perhaps opposite, qualities \ it therefore becan^^ 
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Sf what means do ehjnusts effect a cbange m tie fuoEties or states 
of natural bodies ? 

It is generally efiected by means of hea^^ or by the nuxturt\ of 
some other matter with the matter intended to be examined^. 

How does the appRcatkn ofieat and nuxtstre enable cbymists to exa^ 
-Mne the properties tf bodies ? 

By these means chymists effect the decomposition of compound 
bodies, and thus acquire a knowledge of the nature of the ingre- 
dients of which they are composed^. 

necessary to ditcorer the means of analysing thece tnbsunces, and of ascer- 
taining wherein their cliffeience consists. This we find in cbymical re-agemti» 

It may be considered as an aziom in the science of which we are treating-^ 
that 'whenever cbjmual aetiom takes placet a real cbamge is produced in the smb- 
stamee oferfited upou^ amd that its idemiity is destroyed. An example will place 
this in a clear point of view. If a little wbitiog be put into a glass of water, 
-the whiting will sink to the bottom of the vesael. Though it should be mixed 
with the water, if left at rest it will soon subside. Nochyraical action has 
taken place j therefore the water and the whiting both remain unaltered. But 
if a little whiting be put into a glass of diluted sulphuric acid, a violent effer* 
▼escence will coomience the moment they come in contact with each other ; a 
xchymical union of the two substances will be the consequence of this chymical 
action \ the identity of each substance will be destroyed ; and isoiphate of 
lioie (a body entirely different to either of the sabstanccs employed) will be 
produced. 

* Heat has a tendency to separate the particles of aU bodies from each 
other. Hence nothing more is necessary to effect the decomposition of many 
bodies than to apply heat to them, and to collect the substances which are 
separated by that means. The mixture of two or more compounds often pro<- 
duces a decomposition in each by means of chymical affinity, a property of 
bodies which will be more fully explained hereafter. 

f It is owing to the laws of afimity that we are enabled to examme natural 
bodies by means of re-agents^ or chymical tests* Some of these are simple, 
and act by tingle affinity y others, which are compound, act by producing a 
double decomposition.— See Chap. xiii. 

{ Some idea of this mode of examination may be given by the following 
experimrnt :-«-Take camphor, which is a solid substance, put it into a phial 
half filled with spirits of winej in a short time the camphor wiil be dissolved 
in the fluid, and the spirit will be as transparent as at first. This solution is 
owing to iiie affinity which subsists between these two substances. If water 
be now added (which has a greater affinity for the spirit than the campbor 
has) the water will unite with the spirit, and the camphor will be precipitated. 
In tbtf way the camphor may be nearly all recovered, as at first. By distilla- 
tion nie water may also be separated from the spirit, and exhibited in a sepa- 
rate state. 

§ This is called analysis. It is distinguished by chymists into the simple 
and the complicated analysis. The former is effected whenever a body is sp 
decomposed that its elements may be exhibited in a separate state, and by 
reuniting them the body may be reproduced. Where the elements of a body 
form new compounds dunng its decomposition, and cannot be reunited tjp 
ee a similar substance to that* which has been operated upon, it is an 
>f complicated analysis. 

r to ascertain the exact nature of bodies, chymists have recourse to 
\i well as analysis. Whenever the component parts of any body ai^ 
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What is meant hy decomposition ^ 

In chymical language decomposition means the act of dividing' 
a bodyinto its simple elements*. Thus water may be decomposed^ 
and reduced into oxygen and hydrogen, which are simple sub* 
stances, incapable of further decoipposition. 

What are the different states of natural Mies ? 

All bodies are either solidf » liquid, or aeriform^* 

reunited in order to form a similar substance, and a similar substance is pro- 
duced, the nature of that body is said to be proved by synthesis. When a 
body admits of being cxaaiined in both these ways, the result it very sacia* 
^tory* 

The examination of those substances which we receive from the hand of 
nature* if conducted on these principles, may sometimes be tediou«» but the 
consequences will be pleasing $ the procesbcs may be slow, but they wiil be 
sore f and the acquisition of truth, by patient mvestigation, and bj means of 
oar own exertion, affords to a cultivated mind the most delighttul graii£- - 
catioo.* 

* Take sulphate of magnesia (£p<om salt) as an instance cf the decompo- 
sition and re-formation of a substance by chymical meant. Make a solution of 
this salt in hot water,and pour intoit a littleof a solution of carbonate of soda; • 
thesoda will precipitate a white powder, which, on examination will be fouo4 
to be carbonate of magnesia. When settled, decant the supernatant liquor^ 
evaporate it till a pellicle rises on its surface, and set it aside to crystallise. 
When coldf crystals of sulphate of soda (Glauber^a salts) will be found ia 
the vessel. In this decomposition, the sulphuric acid of the Eptom salt com- 
bines with the soda to form sulphate of soda, and the carbonic acid of the soda 
combines with the magnesia to form carbonate of magnesia. In this wvg 
£psom salt may be analysed> and proved to consist o? solpbnric acid and 
magnesia* 

In order to prove the composition of this salt by synthesis, dissolve mag' 
nesia in diluted sulphuric acid, saturate the liquor, and crystallixe. Epsom 
salt will be the result. 

It may be remarked, that chymists have not only the power of decomposing 
natural bodies, but of producing, by combination, various other substances^; 
such as are not presented to us by the hand oi Nature. Alcohol and ether are 
of this class. 

f We have many reasons for believing the ori^nal particles of all matter 
lobe impenetrably hard, both from experiment and the necessity of the case, 
—that nature might be incapable of wearing out. If water falls throt»gh a 
vacuum on nnetal, or on any hard body, it will strike it with as lood a noise as 
if one piece of iron fell upon another. A small instrument, which is sold by 
the mathematical instrument makers, called a 'water bammar^ shows this very 
satisfactorily.— Mr. Walker. 

The force of cohesion increases in a substance in proportion as its molo- 
culae are brought nearer together. Thus alomine, which has shrunk consi* 
derably in bulk, by being submitted to a high degree of beat, has not only 
exjierienced much mechanical cohesion, but has thereby acquired the power 
of resisting acids «nd alkalies.— -Berthollet*s Chymical Sutics, vol. I, 3. 

\ When attraction prevails in bodies they become solid} when caloric 
prevails they become gas 2 floidity seems to be a medium- between the two* 
The ultimate particles of matter existing in these separate states escape the 
cognisance of our senses. They are so infinitely small, as not only to esca««» 
ibc scrutiny of the highest magnifying powers m glasses, but even Imai 



What do you mean by a soUd body ? 

Solidity is that quality of bodies whereby their parts coiiafe 
firmly, so as to resist impresaiQn*. * 

What are liquid substances ? 

Liquid sat»tances are those whose parts do not ccdiefe firmly^ 
bat have free motion amoi^ themsehresf . 

What occasions tie djffhmce in these bodies P 

Liquid substances are nothing more than solids converted into 



tion itself it incapable of forming any idea of tiM site of an original particlii 
of matter. When we have reduced matter to the moct impalpable powder, «t ' 
are for, very far, from the atoms which compose that powder. Musk, cud- ; 
phor, and 'several essences, will exhale for weeks, and throw off their particte I 
to the distance of several yards, without losing any sensible weight.— (Mft '* 
Walker*8 Lectures.) Even gold, when dissolved in aqua r^a, as gumei t 

faseous sute, with a small degree of heat. How minutely roust the gold be' ; 
ivided by the acid, for its particles to exhale in atmospheric air ! * i 

A new theory, to account for the phenomena of matter^ has been proposeA ] 
by the celebrated Bo9Covich, and admitted by many philosophers. Aft.. 
account o\ this system may be seen in the Supplement to the £ncycl«p*fit' 
Britannica, under the article Bojcovicb, 

* Sir Isaac Newton has said, that the primary particles of ^bodies ait 
bardy whether solid or fluid ; and that if the particles be so disposed or fitted 
to each other as fo touch in large surfaces, such body will be hard, othcrwisv 
It will be poft. ' 

Perhaps it would be more philosophical to say, that when the attraction^ 
aggregation is stron^^ enough to re<iist the motion of the particles of a body^ 
among themselves, that body will be solid, otherwise it will be soft. 

Mr. Lavoisier has explained solidity thus :— '* The particles of all bocfiH* 
{says he) may be considered as subject to the action of two opposite powfen* 
repulsion and attraction, between which they remain in equilibrio. So long ii 
the attractive force remains stronger, the body must continue in a tmM«f ' 
soUdity'y but if, on the contrary, heat has so far removed these part'des nrom 
each other as to plnce them beyond the sphere of attraction, they lose tte 
cohesion they before had with each other, and the body ceases to be solid.** - 

f We have no reason to suppose that fluidity is an essential property of 
any liquid substance whatever; but rather that solidity is the natural state 
of all bodies, for we are able to reduce most substances to a state of fluidity ^ 
by the combination of caloric. In general, bodies treated in this way expand ^^ 
in all their dimenBions, and the attraction of aggregation is so much vreak^ ^ 
ened thereby, that the particles of the body slide over each other, and are pot 1 
in motion by the slightest impulse. This is the only distinguishing characifti^ 
of fluidity that we are acquainted with. s 

On the contrary, the greatest number of liquid substances take a solid form 
by reduction of temperatirre. Thus water congeals, and forms ice. Even M 
gases show this disposition. The oxy-moriatic acid gas becomes concrenefc. 
and crystallizes at a temperature near to that at which water congeals. All tli 
gaseous substances, when they have lost their elasticity by formhig mmM 
combination, are disposed to assume the solid state, if the tempera t ure allows T7 
it. Aramoniacal gas and carbonic acid gas become solid as soon as they ente^ 1 
into combination ; and hydrogen gas, the most subtle of the ponderable eht» ^ 
tic fluid;*, fom^s, with oxygen gas, the water which becomes ice.<MBertlioIlcf% | ~ 
Chymical Statics, vol, i, a* 
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V 

liquids by heat*. A larger portion of the matter of heat would 
convert them into vapour. 

IVhat other name is given to liquids ? 

They are likewise called fluids: we call the air a fluidf. 

Why is the air called ajlitid ? 

Because it flows like a fluidf, and light substances will swim 
in it. 



• Fluidity IS owing to the matter of heat being interposed between the 
particles of the fluid \ which hear would dihStpate all fluids nto the air, were 
it not for the pressure of the atmospheie^ and the mutual attraction which 
subsists between those particles. Was it not for this atmospheric pressure^ 
virater would not be known in any other states ihan tho.eof ice and vapour; 
for, as soon as ice had acquired caloric enough to give it fluidity, it would 
begin to boil, and would be dispersed into the regions of space. This may 
be proved by direct experiment, as will be 8h< wn in the following chapter. 
The constitution of the world in thin respect exhibits a beautiful instance of 
the harmony of nature, and of the exquisite contrivance of its divine Author. 

On the other hand, could we totally abstract the matter of heat frc^m any 
fluid, no doubt but that fluid would, by that mean, be changed to a solid \ 
the lightest vapours being nothing more than iolids combir.ed with heat. 

Not only fluids, but all those substances which are »oft and ductile, owe 
these properties to the chymical combination of caloric. Metals owe their 
malleability and ductility to the same cause. 

The following experiment will pro<ve^ that it is caloric which converts 
solids to fluid.^ :<— Expose a pound of water and a pound of ice, both at 32% 
in a room, the temperature of wh ch is above the freezing point. The water 
will arrive at the temperature of the room several hours before the ice is 
melted. The caloric, therefore, which has all the time been entering into the 
ice, but is not tobe found in it by the thermometer, must have heci nrer;^/«/- 
cally combined with it in order to give it fluidity. The caloric appears to be 
lost; its properties are merged in the fluid just as muriatic acid, by union 
with lime, loses all its characteristic piopertieb—-(Henry.) See this turther 
explained in the chapter on caloric. 

f Atmospheric air is one of the permanently elastic fluids. Steam is an 
elastic fluid, but atmospheric air in all states, and in ali seasons, h perma^ 
nently elastic. This elasticity arises from caloric being chymicaily combined 
with the solid substances of which it is composed. I say solids because we 
have abundant evidence that oxygen and nitrOi:en are both capable of taking 
a solid form, and actually do, in many instances, exist in a state ot solidity. 
Nitrogen is a component part of nil animal substances, and exists in a solid 
state in all the ammoniacal salts Oxygen takes the same state when it com- 
bines with metals and other combustibles; and in the composition of the 
nitrous salts, they both take the same state of solidity. These facts surely 
evince that atmospheric air owes its fluidity to caloric. 

One of the general laws discovered by Dr. Black, and wh ch he laid down 
as a chymical axiom, was, that *' whenever a body changes its state, it either 
combines with caloric, or separates from caloric." The gtcat numl^r of 
natural appearances which are explained by this general law, renders it impor- 
tant, and it ought to be remembered by all tho^e who wibh to make a i^rogiess 
in the science. 

X The ail is also known to be a fluid, by the easy conveyance which it 
aiforus to sound. 

5 
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.1 > often formed in the retorts and 

« ici;uent explosions, and sometimes 

..UwwO by a torreni of ainiosplieric air 

. ^id not possess the common ptoperties 

.. .»i.uc. Ii i«i a property of fluids to press 

'.» downwards; so does atmospheric a:r. 

..J It the hreakfast table, by placing a tea- 

.. ntoiining iiini thai it svvimB theie because 

V uv ot water of its own bulk. Water may 

11 ihc tea-pot into the cup ; and he may be 

. ui> >inks in the bason as it becomes loaded with 

...,t)is of the water and the cup are too great for 

,*i>v>rt, and the whole sinks. 

. '^c informed that it is on thi« principle that 

..c v'onstnicted, and that it is this property of fluids 

..t toieign countries, and bring our vessel back 

i<«. The wisdom and ^;oodness of the Almighty 

ly to witer, n»ay be insisted upon wi:h great ad- 

«..iuon iif some of the consequences which would have 

..vviie constitution of things, would furnish matter for 

V .iVt.-i.%at'.ons. 

vc\K in a vessel is indicated by the depth to which the 

<v wactfi. In canal boats this is shown by gr?duattrd brass 

o he ^idei of them. An account of a curious method of 

■^ tonnage of ships hydrostatically, may he seen in the first 

<iw KvtroH()€Ct. It is founded on the different draught which a 

*• •^^w »» viU and in fresh water, oviing to the different specific gravity 

w ..V HuiUi. That nautical men should be acquainted with this hy- 

\ * .t\KUii, il certainly of importance j i\ r, should a cnptain lond his 

<^ ul .1 J'iii ciir^o a*, any sea port, his vessel would mevitably sink 

•^. \vk>"''' iiitu the Thames. 

<kN^,.i • que8ti>ns in this introductory chapter may perhaps* be 

w v«>. d iniigniflcant ; but the reader is requested to consider no- 

»\J^ which can tend to lay a just and stable foundation for the 

, jfc^ -n interesting science. The generality of element:\ry \\\\^ 

^ iuch wlien they suppose that what they omit is universally 

mgs which they consider to be of public notoriety are known 

,vhu have not paid a particular attention to the subject. 

ikfl which are called elementary, disappoint the expectation 

and aie laid by with distaste, for want of the first rudiments 

oeing detailed with minuteness and simplicity. 
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Not that the stone is heavier * than the whole of the water in 
the vessel; for, if it be heavier than a portion of water of its 
own bulk, it will sinkf . 

What term is made use of to express the relative weight of bodies? 

Specific gravity. Thus the specific gravity of one body may 
be much greater than that of another body, though their afa»olute 
weights may be the same|. 

How do you explain or account for the difference in the specific 
gravity of different bodies? 

When a body is larger, or takes up more room than another 
body of the same weight, it is said to be specifically lighter than 
that body$. 



* The pupil should be informed that all stones are not heavier than water, 
for that these natural bodies differ very much in specific gravity; that, 
though the specific gravity of sulphate ot baiytes is 4.40, or nearly 4^ timet 
as heavy as an equal bulk of water, some species of the asbestos ^i-: lighter 
than water. Some kinds of pumice btone are also much lighter than that fluid. 

f It is an axiom in hydrostatics, that e\ery substance which javfjw/ on 
water, displaces so much of the water as is exactly equal to its own aveigbti 
whereat when a substance sinks in water, it displace* water equal to its bulk. 

Take a piece of hard wood, balance it accurately in a pair uf scale* with 
water, and then place it gentlv on the surface of water in a vessel exactly 
filled with that fluid, and it will displace a jyortion of the water, which will 
flow over the top of the vessel. If the wOi)d be now taken with care, it will 
be found that the water in the scale will exactly fill the vacancy kit by the 
wood. 

X The specific gravity of bodies is denoted in chymical writings by com- 
paring it with the specific gravity of pure water, in decimal figures, water 
being always considered as i.ooo. Thu^ the specific giavity of the strong- 
est sulphuric acid of commerce is said to be 1.90c, or nine-tenthb heavier than 
water. Iron is 7.650, or more than y^ times heavier than water; that is, a 
square inch of iron, if put in a scale, woul 1 rf quire 7) inches of water to 
balance it; silver, 10.478; .irold, 19.300; and platinum 13.OCO, ori3 <i'nes 
heavier than water. The specific gravity of bodies is noted in the tame way 
throughout this work. 

§ The nations of antiquity weie unacquainted with any method of ascer- 
taining the specific gravity of bodies. A singular event wa» the cause of 
its being discovered by Archimedes 200 years before Christ Having rei«on 
to believe that an unprincipled goldsmith had greatly dtba»ed the golden 
crown of Hiero II. king of Syracuse, he was anx'ous to ascertain the fdct t 
but was perplexed by not knowing hew to effect it. 

However, one day while bathing, the difference in the weight of hi* own 
body, when in the water and when out of it, give him th<; idea that he rti'/Jit 
adopt tbat method for du^^covering the specific gravity of th<; kmtr/* oow'n ^ 
and it is related of him that he was so rejoiced at the d-scovcry, th^t hr, \i-nttin\ 
froRi the bath in an ecstasy, and ran n.ked about the streets of h^MMi*« 
crying, I bave found it ! I bave found it ! It would be a ple'^^in,/, •h'S htti 
altogether an unprofitable employment, to endeavour to rft.t/uui tht;iiN<lf*' 
natical, philosophical, and chymical tiuthc, that we are u, \>*n-*-i*i'*it f'li 
which tend to promote the happiness and civilization of tint,, 4»'l ^^M* \i M>- 
antients were unacquainted with. In these enMghlentd ffMtf '•^^•z /><•<! h 
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Jf^hat definition do you give of the air which you spoke of in con^ 
nexion with this subject P 

The air is a very light fluid which surrounds* us every where; 
it is the medium in which we live, and without which we could 
not existf . 

What is the great body of this fluid called? 

It is called the atmosphere:|:. 

JTou say the atmosphere is fluid ; what proof have you of its being soP 

Many instances might be adduced to show that the atmosphere 
is fluid, but the ascension of an air balloon is a sufficient proof of 
its fluidity^. 

How do you account for an air balloon floating in the atmosphere^ ? 

Because it is filled with a gas which is specifically lighter than 
common air. 

may find avocations Euited to his taste, and even in his pleasures will be at 
no loss tn select amusements wiiich are both rational and respectable. 

* It the earth had no atmosphere at the time uf its formation, a chymist 
would have no difficulty in conceivmg how an atmosphere might be pro- 
duced by thev decomposition of water and oiher substances, and that this 
znight be effected by the agency of internal fires. I refer the reader desirous 
of investigating this subject to an interesting essay in the second chapter of 
Lavoister^s Chymical Elements. 

f The C^ e3itor kneiu how necessary atmospheric air would be for the support 
of animai life ; he has accordingly endowed it with the property of preserving 
its own equilibrium at all tiroes, and in ail places. Its elasticity is such, that 
however it may be consumed by respiration or combustion, its place is im- 
ineHiately supplied with a new portion j and though by a mistaken policy the 
doors and wimlows of our habitations may be constructed so as to exclude it 
as much as possible, it ivili have admi^^sion j it forces its way through every 
crevice, and performs the important office assigned it, in defiance of all our 
exertions. If the properties which are given to the different substances in 
nature, and the laws by which they are governed, be thus examined, we 
shah find them ail tending to one point, viz. the welfare and fvhcity of every 
specietn of animated beings, 

J This word is derived from the Greek Ian;;uage, and signifies a body of 
vapour in a spherical form. By ihis name we undeotand the entire mass of 
the air whsch encircles ail parts of the terrestrial globe, which moves with it 
round the sun, which touches it in all its pnrt8, ascending to the tops of its 
mountains, penetrating into its cavities, and incessantly floating on its waters. 
It IS the fluid which wc inhale from the first to the last moment of our 
existence. Fourcioy, vol. i. %oy. 

The blue colour of the sky is owing to the vapours which are perpetually 
rising fiom the earth and mixing with the air. This Saussure demonstrated 
byexpeiimcnt on the Alps. Thomson, vol. iii. 298. 

§ Atmospheric air, like all other elastic fluids, yields to the slightest 
impulse, and is put in motion with the greatest ease 5 but it has not the pov cr 
of penetrating many substances, like oils and some other fluids. 

The facility and rapidity of the motions of atmospheric air cannot be 
explained on any principle but its fluidity. Some of the winds move nearly 
at the rate of 4ocofeet in a minute. 

II This and the following question may appear to be an useless repetition 
of the doctrift taught in the first part of this chapter j but as innumerable 
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We have seen that cork swims on ivater^ why Joes it net smm in mr F 
Because the air is specifically lighter than the cork*; that is, it 
is not dense enough to bear itf . 



facts dependent on specific gravity are perpetually occurring in every depart- 
ment oi chymistiy, it was thought advisable thus to 'vary the questior. , in 
order to prevent a possibility of a young person committing this ct.ap.e- to 
mt-mory without thoroughly undemanding yfhsx is so important lo hJ6 future 
piogreits. 

It is absolutely necessary for him to understand the nature of specific gra- 
vity to enable him lo analyse minerals, to examine the gasses, and to peiform 
a vatiety ot other operations in chymistry. Besides, this knowlcdgr wili be 
of use in the common occurrences of life, and no one, who wishes to have a 
general acqua.ntance with things, ought to neglect to learn the methods of 
taking the specific gravity of bodies. For instance: suppose a person iiafi a 
piece of silver plate, wh.ch he suspect^ is alloyed more than it ought to be, a 
knowledge of .specific gravity, and of the principle of bodies which sink in 
fluids, displacing so much of the fluid as is equal to their bulk, will enable 
h^m to ascertain its value wiih accuracy. He has only to weigh it in air and 
then in Water* and calculate fiom the difference in its weight when weighed 
in these two mediums. Thus, if it weighes 46 ounces in air, and only 41 { 
ounces when weighed in water, its bulk of water is \\ ounces. Now if 46 be 
divided by 4^, the quot ent will be io{ \ which shows, that the piece of plate 
is 10^ time*-, as heavy as its bulk of water, which is about the fipecific gravit|r 
oi standard ^Wv^r. Pure silver is io| times the specific gravity of water. Far 
an account of the different methods of taking the specific gravity of diSutM 
substances, see Additional Notes, No. i. 

* Poplar is the lightest wood we have next to cork, the specific gravrrif 
which, according to Lavoisier, is o^S^i ^^^ ^^^ specific gravity of 
only .2400, water being 1. 000. 

Cork is the outward bark of a tree which grows wild in the soutkcni 
of Europe. When the tree is of a certam age it may be barked 
eigh'i years. It is heated and singed over a strong fire, and then 
stones in order to be pressed straight. According to Pliny, coiIl 
to the Ri^mans, and was applied by them to as many purposes 
sent. Xenophon relates, that the Roman ladies, who wished 
placed several layers of cork within their shoes.-— Becki 
Inventions, vol. ii. 115. 

Cork possesses veiy singular properties. It may be easilf ( 
recovers its elasticity as soon as the compressing power is; 
fore fills up every crevice of that space into which it has< 
It may easily be cut into any form j and though it al 
is the cause of its lightness, it suffers neither water nor; 
escape through it.— Beokmann^s Hist. vol. ii. 114. 

The use of cork, in preserving liquors, is well ki 
safety jackets for the preservation of lives by sea 
use in teaching the art of swimming. The epidei 
the bame nature as cork. 

f That cne substance swims upon another in 1 
density of the fluid which supports it, should be ■ 
hension of the pupil \ for, till he thoroughly UB^ 
be impossible for him to comprehend the cauf 
will take place during the course of his exper 

When this is understood^ it may be propr 
tages which we derive from this properly 
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Jf^bat is the specific gravity of atmospheric air ? 

A pint measure of atmospheric air weighs only eight grains; 
the same measure of pure water weighs one pound, avoirdupois*. 

If the specific gravity of water be so much greater than that of otmtH 
spheric air, honv is ivater retained in the atmosphere? 

The water which is taken up by the atmosphere is not in an 
aqueous state, but is converted into vapourf , by the matter of 
faeatj:. 

How is it that heat converts water into vapour ? 

A large portion of the matter of heat combining chymically 
with water renders it specifically lighter i which is the cause of its 
rising in the air, and floating there^ 

principle, the oxygen gas which is secreted by vegetables, is detained in the 
hnuer regions of the air, that it may combine with the nitrogen gas produced 
by animal respiration, to preserve tne purity of the atmosphere ;-— that, owmg 
to this> the carbonic acid gas, which is-still heaver, and which is formed also 
by animal respiration and combustion, is confined vrithin the reach ot vege- 
tables, which absorb it with avidity, and separate it into its original elemeiits | 
-—and that to this principle it is also atsributable that the mephitic air arising 
from the crowded haunts of men, does not produce pestilence, but mounts 
above the clouds to await fresh combinations, by means which nature has 
appointed to render it again useful and salubrious. One great use of tight- 
ning may perhapb be to promote the union of this nitrogen with the oxygen o£ 
the water which is held in solution in atmospheric air. That the Deity has 
established some way of effecting this is evident, for without some such con- 
trivance the purity of the atmosphere coy Id not be preserved. Winds also 
may probably promote this union. 

'* His nvisdom guides the rushing wind. 

Or tips the bolt with flame : 

His goodness breathes in every breeze. 

And warms in every beam/* Darwin. 

* The measure here alluded to is the common ivine pint. From this one 
may deduce by calculation, that a cubic foot of atmospheric air weighs 
ae.irly one ounce and a quarter, and a foot of water looo ounces avoirdupois. 

•f It is of importance to satisfy a young person of the truth of every thing 
we teacli him, and whenever it can be done it ought not to be omitted. By 
inverting a glass goblet over a cup of hot water,- the v^V>ur will be seen to 
condense upon the cold glass and run down its inside ; which will show that 
steam is r//z/viater, and can become water again. 

X Here the pupil may be informed, that water not only becomes converted 
into steam by heat, but, that when it is received into th,e atmosphere, if the 
«ir be warm, it becomes so far changed by its union with' the matter of heat as 
to btr perfectly invisible. In this state it occupies a spsic'e 1400 times greater 
than in its ordinary liqaid state. 

§ All instrument has been invented for showing the relative moisture of 
the atmosphere, called an hygrometer* This instrument shows when aqueous 
vapour dissoWes with difficulty in the atmosphere, or when vapours are about 
to prec-.pitate upon the earth — but it will not indicate the real quantity of 
water in any given portion of atmospheric air. There is a great variety of 
th( lents, all made with porous substances, which contract and dilate 
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h this effected in any of the great operations of nature? 

Yes: a great part of the rain which falls upon the earth becomes 
changed at length into vapour% and rises into the air in that state 
to form clouds. 

What is the cause of the waters of the earth being thus, vapourized? 

As the rays of the sun warm the groundf , a portion of the mat- 
ter of heat combines with a portion of the water of the earthy and 
converts it into vapour^. 

But what causes the vapour to rise in the air ? 

If a cork be placed at the bottom of a bason of water, it riset 
immediately to the topi because it is specifically lighter than the 

according to the dryness or moisture of the air. Slips of whale bone, stringt 
of cat-gut » and the beard of the wild oat, are the substances most commonly 
employed in fabricating these instruments. 

* Bp. Watson found that, even when there had been no rain for a consi* 
derable time, and the earth was dried by the parching heat of summer, it still 
gave out a considerabltf quantity of water. By inverting a large drinking glass 
on a close mown grass-plat, and collecting the vapour which attached itnelf 
to the inside of the glass, he found that an acre of ground dispersed into the 
air above 1600 gallons of water in the space of la hours of a summer^s day. 
•^Watson*s Chymical Essays, vol. iii. 

The ocean loses many millions of gallons of water hourly by evaporation. 
The Mediterranean alone is said to lose more by evaporation than it receives 
from the Nile, the Tiber, the Rhone, the Po, and all the other rivers that fall 
into it. This water is conveyed by the winds to every part of the continents s 
-—these it fertilizes in the form of rain, and afterwards supplies the rivers, 
which flow again into the sea. This is one of those continual circulations 
whereby all matter is made to subserve fuarious purposes, which have been 
devised by the Creator for the promotion of his beneficent designs. 

** The bounteous sun 
Lifts the light clouds sublime, and spreads them thin. 
Fleecy and white, o'er all surrounding heaven." Thomson.* 

In our climate evaporation is found to be about four times as much from 
the vernal to the autumnal equinox, as from the autumnal to the vernah 
Heat facilitates all solutions ; and the greater the difference between the tem- 
perature of the air and the evaporating surface, the greater will be the evapo* 
ration.*— Walker^s Lectures, vol. i. 237. 

i* In winter the earth, at eighteen inches depth, is warmer than the air ; in 
summer, the air is warmer than the earth at that depth : these effects aie 
owing to the earth being a bad conductor of heat. 

% The action of the sun upon the earth in producing vapours, &c. is easily 
explained on chymical principles* Nicholson, or any of the other modem 
writers on natural philosophy, may be consulted. The shelter which is 
afforded to the earth by clouds^ mists, &c. is due to the operation of this 
cause* 

To this all powerful principle we owe 
The copious mists which shield this world below \ 
Whieh give it how to bear the solar rays, 
And roll unscorch^d beneath the torrid blaze. 
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water*; so vapour rises in the air, because it is specifically //"g^A/fr 
than the airf . 

What becomes of the water which thus evaporates from the earth? 

It occupies the lower regions of the atmosphere^:, and is pre- 
served there partly dissolved^ in air||, and partly in the state of 
elastic vapour. 



* I have introduced this and other very familiar examples, because I 
think, it of consequence that those who have the care of very young people 
should encourage them to inquire the cause of every thing which they see 
around them. A preceptor, who is well qualified for his employment, will 
not think any thing too trivial which can furnish him with an opportunity 
of imparting useful knowledge. 

f It is evident that water exists in the atmosphere in abundance in the 
driest seasons and under the clearest sky. There are substances which 
have the power of absorbing water from the air at all timej\ such as the 
5xed alkalies, and sulphuric acid ; the latter of which will soon absorb more 
than its own weight of water from the air when exposed to it. 

{ There can be no doubt but that in general the vapours occupy the lower 
strata of the atmosphere: that they sometimes ascend very high, is also 
true ; for it is well known that clouds are ^ttx\ forming above the tops of the 
highest mountains. Indeed, the clouds begin to form always at some con- 
siderable height. Dr. Thomson, vol. iii. 373. 

*' At first a dusky wreath they seem to rise 
Scarce staining ethers but by swift degrees. 
In heaps on heaps, the doubling vapour sails 
Along the clouded sky,** 

Thomson. 

§ Persons who have been in the habit of making observations on the 
clouds may have |ometimes noticed a cloud, which appeared to be just in 
the aft of precipitating, suddenly arrested by a warm current of air, and 
entirely dissolved thereby, so as to become in a few seconds invisible. This 
is the same kind of solution as takes place whenever a warm breeze passes 
over a river, or the ocean. Whenever the air is ponderous, and susceptible 
of holding the aqueous vapour in solution, the mercury in the barometer rises 
up to 30 or upwards \ when lighter, and liable to suffer the vapours to coa- 
lesce, its pressure is less on the base of the barometer, and the mercury falls. 
See a further account of the barometer in the next chapter. 

II By the experiments of Saussure it appears that a cubic foot of atmos- 
pheric air will hold eleven grains of water in solution. From this property 
of the air we derive many advantages. It has a tendency to preserve every 
thing on the face of the earth in a proper degree of moisture. In one season 
of the year, in the interior parts of Africa, a wind prevails called the Har- 
mattany which is so extremely dry that household furniture is destroyed by 
it J the pannels of wainscots split; boarded floors are laid open ; and the 
scarf skin of the body peels off, during its continuance. Were it not 
for the property which atmospheric air has of holding water In solution, 
this would be the case evtry where. 

It appears from the experiments of some aeronauts, that the air is mucb 
drier in the higher regions than it is near the surface of the earth. Phil. 
Mag. vol. xix. 378. 
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How if this vapout fimud into clouds^ 

After it has remained some cime ia the atmosphefef it becomes 
in a measure condensed by causes unknown to us*; and the par* 
tides of water of which it is composed unite, and form small 
hollow vesicles, which accumulate togetherf and produce clouds* 

What further changes take place in this aqaems vapour? 

By the operation of causes which are also in a great measure 
unknown, the clouds after a time become further condensed^ 
and are converted into watert^ 

Whai is the consequence of this change of vc^our into water? 

When the vapour is condensed, it becomes too heavy for tbt 
air to support^ and falls down in nun$, hail^ or snow. 

* The formation of clouds wag formerly attributed to ttie toltttion of 
n^ter in atmospheric air, and the produAion of rain to the mixture of airt 
fltf different temperatures ; but there are so many difficulties attending every 
hyporhesisi that I believe chymitts ii> general now consider these operations 
of nature inex^iicable. The subjtrA ih well investigated by I>r. Thomson^ 
ia vol. iii. of his System of Chymistiy ) and he concludes fiom all the taAi^ 
that the formation of cluuds and ram cannot be accounted for by a siogM 
principle with which we are acquainted 

f Sausuure conjeAures that it is the tlectrical fluid which surroundu these 
vesicles, and prevents them from diSKoiving in the air. Thelk vesicles ar# 
said to be from 1.380 to i-iooth of a line in diameter. 

An elaborate est^ay, by Luke Howard, Esq. on tile various forms which 
•louds assume, may be seen in the i6th and i7tn volumes of the Philosophical 
Magazine. 

See Dr. Darwin^s account of his theory of rain and dew, in Notes t9 
the Botanic Garden, part i. pages 114 and 169. 

( It has before been remarked, that a portiun of the water which rises \xk 
vapour is held m solmtiou by the atmospheric air. When two opposite cur- 
rent^ of air meet, of different temperatures, the vapours are sometimes 
condensed thereby, and rain follows. Ail the known gases have also tlm 
property of taking up water and holding it in soliMion* 

It may be remariced, that if the temperature of our atmosphere had been 
ftii*, or upwards, rain could never have fallen upon the earth $ for the 
water taken up by evaporation would have been converted into a permanentlf 
-dastic fluid.- It is impossible ever to contemplate the variou'- ways in which 
the different operations of nature are made to cc>rre6t and balance each i>ther^ 
without being struck with the miinite comprehension of the Divine mind, 
which could thus foresee the tendency of every Uw which it was about to 
establish. How matrf cases are theie in which the slightest oversight woul^ 
haire flroduced the destruAion of a world I 

^-.It may be observed that rain not only affords a proper degree of moisture 
to the vegetable creation, but is of service in bringing the soils into a propet 
state to perform their office. Dry earth of itself has little effe£^ 3 but when 
moUtened it has the property'of decomposing atmospheric-air, and of con^- 
vieyiiig its oxygen to the lOots of those piants which vegetate within it< We 
ikt indebted to Humboldt for the knowledge of this fa§ . 

** The clouds consign their treasures to the fields, 

** And, softly shaking on the dimpled pool 

** Prelusive drops, let all the moisture flow 

** In large effusion o'er, the freshen'^d world/* THOMSON* 



What is the use of this constitution cf nature? 

This principle of evaporation is of very general utility*: it is 
subservient to many natural processes, and is perpetually of use 
to man in every occupation of lifef . 

What is the ultimate use cf this principle? 

The Almighty has contrived that moisture should continually 
rise from the earth, and from the various bodies upon its sur- 
fece, to shield ihis world oi ours from the intense heat of the 
sun, and to return in rain to water the ground, causing gras& 
to grow for the cattle, and corn and herbs for the service of 
sian;^. 

* This principle of evaporation not only is the primary ciuse of all rain, 
an -ty dew^ &c. but it moderated the effects of the son'*s heat, by carrying 
off M\ ipmenhe quantity of caloric in combination with the aqueous vapours, 
'^'ere it; not for the cold produced by evaporation, we should fatnt under any 
great bodily exei-tion, or die by excessive beat. 

But Nature always provident, has furnished man w*th a fluid, the pro- 
duct of ■ an animal secretion, which, insensibly perspiring and becoming 
€vapora;ed from the surface of the body, is the vehicle which carries off the 
superabundant heat as fast as it is generated. Cold blooded animals, 
whose temperature is regulated by the medium in which thty live, never 
perspires but main, who is intended to live in a variety of climates, and 
designed for active exertion, is thus preserved from the effects of heat, which 
would otherwise be destructive. The blood of an inhabitant of the torrid 
Zone -s no warmer than that of an inhabitant of the mountains of Lapland;. 
which m-jy be !Toved by placing a thermometer upon the tongue or under the 
arm. How various are the means which have been adopted for the promo* 
tion of our convenience and comfort I 

The c.peration of this principle may be Biade apparent by the following 
experiment : Take a small tube with a little water in it, fold a little lint 
close round it, and, having immersed it in ether till the lint is soaked 
through, hold it in the air for the ether to evaporate. The cold produced 
by this evaporation will cause the water in the tube to freeze. If the outside 
of the glass tube be scratched with a flint or a diamond previous to its being 
wet by the ether, the effect will more readily take place. 

f A little reflection will convince any one of the importance of the prin- 
ciple of evaporation. Innumerable instances oi its use might be adduced : 
suffice it to say, -that withou it neither grass nor corn could be sufficiently 
dried to lay up for use. Our clothes whgn washed could not be dried f 
neither could a variety of the most common operations be carried on, which 
conduce much to our comfort and convenience. 

^ It is a characteristic of the works of creation that they will bear exa- 
mination, and that the more they are examined the more pleasuie they afford. 
The simplicity of the means which nature has chosen for performing the- 
neces^aiy operation of watering the earth, must str.ke every one who has 
any reli h for what is grand and excellent. And surely the consideration 
of such subjects is not without its use; for, << who can roed.tate on (he 
order observable in nature, and not endeavour to reduce his conduct to ik 
Similar sta 'e^ularity ?'* 
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CHAPTER n. 



OF ATMOSPHERIC AIR. 



^rJ^ HAT are the cbvious propertiei* ef atmospheric mrt 
Fluidityf, elasticity^, expansibility, aad gravity. 
What do you mean by the elasticity ef the air? 
If atmospheric air be compressed into a small oompiM, it hs 
the property of recovering its former state, as soon as the pres- 
sure is removed 3 which is called its elasticity}. 

* The habitable and cultivated pam of tbe earth are lavi*^hiy adorned witk 
every thing to gratify the eye ; its diverfti&cd a)ipear.«iice ci/mfDoaicates piea- 
«uri!» and prevents satiety; while the whole i^ surrounded hy ao atoKrtpbcai 
which preserves vegetable and animal life. It may be rcmaiked, that to the 
transparency of this atmosphere we owe all the pleasure w. receive frum the 
variegated prospects which the earth affords. 

-{- The fluidity of the air wasconsideied in the last cha||ter. See pa~e 33. 

j If a bladder be tied up with a very email quaotiiy of air wthin it, a. id 
put under the receiver of an air pump, it will he seen to inflate gradually 
as the pump is exhausted, till it becomes oi its full size, owing to the eiosti* 
-xity of the small quantity of air within the bladder, which dilatcb in this 
jnanner, as the atmospheric pressure is removed. - A wrnkled apple placed 
under the receiver of an air pump becomes plump and smooth, fiom the 
same cause. The elasticity of the air is such, that Mi. Boyle caused it to 
dilate by means of an air pump till it occupied nearly fourteen thousand 
times the space that it usually does. 

The elasticity of (he air is proved by carrying a bladder half full of air 
.to the top of a high mountain \ for the air will be perceived to expand 
j^radually as it approaches the summit, till the bladder is swollen to its usual 
size. 

Atmospheric air may be compressed into about the izSth of its usual 
volume; but if an apparatus could be procured of sufficient strength, it 
might doubtless be compressed to a much greater degi ee. Owing to its 
elasticity, it recovers its usual bulk as soon as the pressure is removed. 
Saussure made use of an instrument to show the elasticity ot the air, which 
he called a manometer. It was a barometer inclosed in a well luted globe. 
Being thus inclosed, it was only sensible to the elasticity of the air withii\ 
the globe. BerthoUet^s Chymical Statics. 

§ It is now generally supposed that the air owes its elasticity to the caloric 
•which it contains ; and that, if it could be deprived entirelj/ of its caloric, 
^t would lose its elastic furin« 
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I 

What is meant hy the expansibility of the air^ 

The expansibility of the air is its property of being rarefied 
by heat, so as to occupy a larger space than it otherwise would*i 

How far does the atmosphere extendi 

The atmo.sphere is several miles high, but how far it extends 
IS not exactly knownf. 

The rebounding of a common foot-ball would be a familiar instance t» 
•xpiain the tlaeticity of the air to a child. 

Bubbles of air rising from the bottom of a glass of water will be seen to 
Mlate as they rise to the surface; owing to the pressure of the liquor be* 
comng less and less. 

The air gun and the forcing pump are constructed on this principle. It 
18 owing to this property of the air that fishes are enabled to rise and s;nk 
in the water $ nature havmg famished them with an mr-hiaddir^ which 
they have the power of contracting or dilating at pleasure. When the 
animal compresses this bladder, its whole volume becomes less, and it sinks 
in the watei : when the pressure ih removed, the air within the bladder in« 
atantly expands, and the creature is enabled to rise. 

Mr. Gregory has remarked that, if the air were not elastic, and to ftuid 
as to be easily put in motion, there would be an end to all the melody and 
liarmony which now -so much lielight us. How admirably is tvery thing 
Contrived, that it may not only administer to our w<ints, but be subbervienc 
to our pleasures also! That mmie was desif^ned by the Deity to produce 
l^rticular effects on man, might be shown very satisfactorily ; but ttieie it 
«ot room in this place for such a discussion. Though one may say witii 
Mr. Hayiey, 

'< That Heaven is pleased, when this bright power 
*^ Dispels the clouds of earth, too apt to lower 
**^0n every human mind, in lifc> precarious hour.^* 

Hayley*s Triumphs of MutiC. 

^ If the neck of a bladder, containing a small quantity of ait, be closely 
tied up and held to the fii-e, the swelling of the b'tdder by the rarefaction 
of the aT within it^ will afford an idea of the expansibititj of the air. 

Mr. Robins has calculated, that the air which is disengaged in the firing 
of gunpowder it rarefied by the heat, to as to occupy a thousand times the. 
apace of the whole of the eunpowder employed. 

" The dilatation or expansibility which bodies experience by a given 
elevation of temperature, is much more considerable in elastic fluids than in 
liquids.** Atmospheric air is an instance of the truth of this chymical axiom*. 
Whenever this expansibility takes place, caloric is absorbed. 

f If the atmosphere were i>f the same density throughout, its height might 
be known by tts effect in raiting a column of water or mercury ; but at it 
increaset in rarity the higher it ascends, and is probably extiemely rare in 
the higher regions, we cannot possibly tell how tar it may extend. It was 
attempted to calculate the extension of the atmosphere by ascertaining its 
eomparairve tarity at different heights; but this also was found to be im* 
practicable. Since then, it has been estimated by the length of our t^fUighi^ 
and j^upposed to be about forty-five miles high. ]f we had no atmosphere, 
we should be i'* total d^rlcness at the instant the sun sinks belovi* the hori« 
aon; but as the sun ill-minates the ..tmospbere for some time before it 
fiaeS) and after it has 'Kt^ the light is reflected by the atmoephere to t1v> 
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the feathered creation to transport themselves with ease from 
(me part of the earth to another*. 

But what is the use of the atmosphere being extended so far above 
4he surface of the earth ? 

it is this extension of the atmosphere which occasions its 
weight ; and this great weight produces many important effectf 
in the economy of naturef • 



mospheric air, man is the o»ly being who gives to it all the modulations <of 
which it is susceptible. With his voice Jone» he imitates the hissing, the 
cries, and the melody of aUanimalij while heenjjys the gift of speech de- 
nied to every other. To the air he also sometimes communicates sensibility j 
he makes it sigh in the pipe, lament in the flute, threaten in the trumpet, and 
animate to the tone of his passions, even the solid bra&s, the box tree, and 
iiie reed. Sometimes he makes it his slave : \vc forces it torgiind, to bruise^ 
and to move for his advantage aa endless variety of machines. In a word, 
he harnesses it to his car, and obliges it to waft him over the stormy billows 
of the ocean.** 

* Messrs. Robertson and SaccharofF, who ascended with an air balloon 
from Peters burgh, in June 1804, took some live pigeons with them. At 
diffeient heights they &;ave liberty to the*r birds, who f^eemed not very 
witling to accept it. The poor animals were* so terrified with thcii situation, 
that they clung to the boat tillforced from itj when it appears their fears 
virerenot groundless; for, on account of x}^t rarity of tbe air, their winfirg 
were nearly useless, and they fetl towards the cart i with great rapidity : the 
second struggled with eagerness to regain the balloon in vain | and the third, 
thrown out at the greatest elevation, ftW towards the earth like a stone, so 
that they su^pposed he did not reach the earth alive. Retrospect, vol. u^^ 

This relation affords a fiesh instance of the harmonies of Naturr, and -of 
the suitableness cf every creature to the medium in which it was Resigned to 
Jive. The density of the air, near the surface of the earth, we see is exacth 
what was requisite for the residence of the feathered race ^ and the specific 
gravity of every individual, of every species, is just sufficient to enable it 
to occupy that element, and to move withm it at all times with ease and 
snfety. The most acute fatalist would lively be puzzled to account for these 
congruit>es. Let us attribute them to nie contrivance of that Being, who 
r.ei-er bestows existence but for the sake of conferring fel city, and we arc 
at once in possession of the most satisfactory solution. 

f The pressure of the atmosphere may be shown by a simple experiment. 
Place a card on a wine-glass JiVed with water j then invert the glass, and 
the water will not escape ; the pressure of the atmosphere on the outside of 
the card being sufficient to support the water. 

The same thing may be shown by a different experiment. Invert a tall 
giasR jar in a dish oH water, and place a lighted taper under it. As the taper 
<on!»uines the air in the jar, its pressure becomes less on the water immedi- 
ately under the jar^ while, the pressure of the atmosphere on the water 
nvithout the circle of the jar remaining the same, part of the water in the 
dibh will b. forced up into the jar, to supply the place of the air which the 
taper has consumed. Nothing but the pressure we are speaking of, could 
\\\K\< cause a part of the water to rise within the jar, above its own level. 

Again, the reality of the atmospheric pressure may be explained and de** 
moiistiated by a commoi) baiH>metei', merely by showing how it acts upoa 
' \k\ instrument. 



i 



Cbap. ^.] ilTMOSPHERIC AIIU 47 

What an the effects of the weight of the atmosphere i 

It is owing to the weight of the atmosphere that we are en* 
abled to raise water by the common pump*, and to perfv/rm 
many other useful operations^ 

What other advantages do we derive from this extension of the^ 
atmosphere i 

If we had little or no atmosphere, we should have no cold 
water; for the waters on the face of the earth would all boil at 
a very inferior temperaturef . 

" In tubes of glass mercurial columns rise, 
'* Or sink, ob^ient to the incumbent skies/* 

It is this action of the atmosphere which enables the limpet to attach 
itself to the rocks. It fornM a vacuum in its pyramidal shell, and the pici- 
sore of the atmosphere supports it where it wishes to remain, without any 
further exertion of its own. 

* It is impossible for a child to understand thi^, unless it be particularly 
explained to him ; which may be done by telling him, that the atmosphere 
prthses equally upon the wiiole surface of the water in the well, until the 
rod of tilt; pump is moved; but that by forcing the rod dqwn, the bucket 
compresses the air in the lower part of the pump tiee, which being clastic, 
forces its way out of the tree through the valve ; so that when the bucket it 
ag<iin rai>ed, that parr of the pump tree under the bucket is void of air ; and 
the tweigbt of the atmosphere pressing upon the body of water in the well, 
for< es up a column of w;iter to supply its place ; that the next stroke of the 

Sump rod causes another column of water to rise, and that as long as the 
acket fits the pump trte close enough to produce a vacuum, a constant 
stream of water may be drawn fiom beluw. By cutting a piece of writing 
paper in the f;>rm of a valve, and adapting it to the top of an ale-glass, it 
will be no difficult thing to explain how the successive columns of water 
force up the valve in that tree, and how that valve supports the water when 
raised, and prevents its return. See Add.iional Notes^ No. 12. 

•* Press'd by the incumbent air, the Aoods below, 

** Through opening valves, io foaming torrents flow, 

** Foot after foot in lessenM impul^e move, 

'< And rising seek the vacancy above. ^* DARWI^;• 

A common syringe (which may he bought for a few pence) will show 
the action of the atmospheric air in pumping. ' 

When a child sucks at the breasr, it forms a vacuum with its mouth, and 
the milk flows on the same principle. See Additional Notes, No. 2. 

In like nraanner the hoy iorms a vacuum between a piece of' wet leather^ 
tied to e string, and a pebble stone; and, by means of the pressure of the 
atmosphere, is enabled to lift the pebble from the' earth and carry it about, 
suspended by the leather. The common syphon is indebted to this pies- 
sore also for its action. 

It may be remarked, that these effects are attributed by the vu]g:tr to 
what they call suction ; but it has frequently been demonstrated, that no 
such prtncipie as suction exists. The pressure of the atmosphere is fully 
sufficient to account for them all. 

f Oft' the tops of very high mountains, water will boil much sooner than 
it will en the plains, (where the atmosphere is heavier) 3 and it is kuowa 
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Besides, the arterial vessels of ail organized beings would be so 
constantly distended, that animal and vegetable life would be en- 
dangered. 

How are waters and other fluids preserved to us by the weight of 
the atmosphere f 

The weight of the atmosphere, pressing on the water, binds it 
down as it were, and prevents the usual heat of the son from 
converting this and all other fluids on the face of the earth inta 
vapour*. 

that many spiritous liquort, such as ether and sp'rits of wine, lose a great 
part of their qualities when exposed at such heights. See some interesting 
expeiiments in the first chapter <.f Lavoisier^s Ei^ments, aibo Additionsu 
Notes at the end of this volume. No. 3. 

The quick evaporation which would take place if we had no atmosphere, 
may be shown by a common instrument, invented hy Dr. Franklin, caiieit a 
pulse-glass. It is a small tube with a bulb at each end, exhausted of its air, 
and containing a small quantity of spirits of wine. If this instrument be 
held sloping, with one end in the palm of the hand, the htat of the hand 
will quickly cause the spirit to boil \ but the vapour rism^y to the other 
end, oecomes condensed as soon as it comes in contact wtih the cold glass* 
This a very cheap and simple experiment, and shows that a very snudl decree 
ot heat would be sufficient to evaporate most of our fluids if we had no 
atmosphere. This instrument -.s also calculv*ted to show that evaparation 
produces cold \ for the instant that the spirit begins to boil, a sen&att on of 
sudden cold is felt on that part of the hand where the bulb rests. 

It is the principle of evaporation producing cold wh.ch occasion^ the 
injury which persons sustain by sitting in wet clothes. In these circum- 
stances, it is not the water which hangs vfon them, which produces the 
mischief, but the sudden loss of a large portion of caloric, which ib carried 
off from the body by the evaporation of this water. If a healthy person were 
eiosefy covered up with his wet clothes, so that no evaporation ceuld take 
place, he would probably sustain no injury 

* That the waters on the face of the earth would be dissipated in vapour 
by a small degree of heat, if we had no atmosphere, may be shown l>y the 
following simple experiment -.-—Procure a bottle with a very long neck, jfiii it 
with boiling water, and cork it close so as to exclude the air Then if r. be 
put to stand in a bason of cold water, the water will sink in the neck of the 
bottle as it cools. This shrinking of the hot water will produce a vacuum 
in the upper part of the bottle, when the water w-.thin it will be seen to re- 
commence its boiling with great violence. This can be owing to nothing but 
the cork taking off the pressure of the atmosphere from the water. In like 
manner, water which has been cooled many degrees below boiling will begirt 
to boil again if placed under the receiver of an air pump, as soon ^^s we be- 
gin to exhaust the receiver of its air. Under the pressure of the atmosphere 
water boils at 212^, but in vacuo it boils when heated only tu 67*. On the 
contrary, if additional pressure be given to water by a Papin^s digester, it 
may be heated to 400^, without ebullition. Lead has otten been melted by 
the witer heated in these digesters. 

Some philosophers have asscit^d that, if the atmospheric pressure were 
entirely removed, all substances on the face of the earth, solid as well as fluid 

nld be dissipated in vapour. 

f a small thin glass jar be half filled with good ether, and placed within 
her jar half filled with wateri and both be put under the receiver of an 
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How does the weight of the atmosphere operate^ so as to ie 
to the animal and vegetable creation? 

The uaiforin pressure of the atmosphere od the exterior of all 
organized beings counterpoises the interna/ pressure of the eir* 
cuiating fluids, and preserves the vessels in due tone and vigour**- 

What is the nveight of the atmosphere? 

It is at>out 2160 pounds upon every square foot. A column 
of air an inch square weighs about 15 poundsf. 

air pump, when the air is exhausted the e^her will boil, and tht water be 
firoieii. (Walker.) The cau>e ot thchi eifects may be thus ezplaireii :— » 
When the presbure ot the atmobphere is removed by the air pump from the 
corfacc of the ether, its own latent caloric occasions its expansion, and, ab- 
sorbing caionc trom the water, it becume^ converted into gas \ and the wa« 
ler, having lost its caloric ot fluidity, becomes ice. 

The best elucidation of thj nature of the pressure of the atmosphere^ 
which I have seen, is in ** Brl^8on*s Phy«ical Principles q\ Chymistry/* 
lection 31, and the following. See also Additijnal Nutes, No. 4. 

* Were t not for the pressure of the atmosphere conbtriuging the vessels 
in men and vegetables, the elastic fluidg contained .n x\kt finer vessels would 
inevitably burst them, and iite become extinct. Count Zambeccari and his 
companions, who ascended with a balloon to a great height on the 7th of 
November 1783, found their hands and feet so swelled, that it wa« necessary 
for surgeona to make incisions in the skin. They ascended to so grejt a 
iKight, that the pressuie of the atmosphere was not sufficient to counterba* 
lance the presi<ure of the fluids of the body. 

Persons who have delicate constitutions need not wonder that they are 
generally much affected by a change in the atmosphei-e, when they leam 
that often in the course of \ few houis the atmospheric pressure, on each in-» 
dividual, is increased or diminished from one hundred weight to half a ton 
weight; while the internal pressure of the circulating fluuls remains the 
same. Supposing a man^s body to contain 15 bquare feet of surface, (which 
is near the truth), he will sustain a body of air upwards of fourteen tong 
weight. But It i- necessary to remark that the air presses upwards, down- 
wards, and Sideways, in every direction \ and that it is owing to this equeil 
pressure that antmuls, &c. are not injured by the vast wei^^ht of the atmo« 
sphere \ for the equal :sessure, on all (tides, resists as much as it is lesisted* 

Whenever I hold my hand out in this fluid, I feel no weight upon it be* 
onise the pressure under and above my h'«nd is equal t but if I lay my hand 
on a hollow cylinder ot glass, placed on ^he plate ot an air pump, and ex* 
hailst the air out of the cylinder, I become immediately conscoun of some- 
thing that presses my hand so forcibly to the glass, that I cannot release it* 
The prop is now gone ; I have no pressure under my hand \ a column of air^ 
45 miles high, prebses down my hand by its weight, and I must let in tht 
air under it, before it will be released. Walker. 

<* Mr. Coates computed the weight ot the an which pres.es upon the whole 
MrfKe oJF the ea* th, and found it to be equal to that of a globe of lead sixty 
niles iu diametCi.** Cyclopaedia. 

.f A column of air ot the height of ihe atmosphere, when greatest, is equal 
to a column of water 35 feet high, or a column of mercury of the same s se 
3o| inches high. Hence water will not rise in a pump more than 35 feet^ 
nor mercury in a barometer ^tand higner than 30^ inches. See Additional 
Note«t«^o. %. 

A quart meanure of atmospheric air weighs about 17 grains.. 
7 
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What other advantages do we derive from this immense atmosphere^ 

The great thickness of the atmosphere gives a proper tempef- 
rature to the rays of the sun : it also reflects those rays so as to 
give a lucid brightness to every part of the heavens*: and is the 
cause of those dews and rains which make the earth fruitfulf . 

Have you learnt any thing of the nature of the air which forms the 
atmosphere of this earth? 

Yes : it is a mixture chiefly of two different airs:|:} which are 
chymically combined^ in certain proportions||. 

What 4o you call these airs whieh compose our atmospher^F 



* If there were no atmos^phere surroanding the earthi only that part of 
the sky would appear light in which the sun was placed ; and if a person 
should turn his hack to the sun, he would directly perceive it as dark as 
night ; f(/r in that case there would be no substance to reflect the rays of the 
sun to his ey«8. It is owing to this reflection that the sun enlightens the 
earth some time before it rises, and some time after it sets. See this ex- 
plained with perspicuity by Gregory, in his Astronomical Lebsons, page 
78—81. 

f The atmo»|>here is the cause of evaporation : it is tht* atmospheric air 
which hold» the aqueous vapours m solution, and prcserveh them in a gaseout 
state till they are condensed again into rain. 

X Pure atmospheric air is composed of three gaseous substances only, 
but it is perpetually coutaminaied by a variety of exhalations fiom the eartn* 
** The atmusfhere is a vast laboratory, in which nature operates immense 
analyses, solutions, precipitations, and combinations : it is a grand receiver^ 
in which all the attenuated and volatilised productions of errestriai bodies 
are received, mingled, agitated, combined, and separated. Notwithstanding 
this mixture, of which it seems impossible for us to ascertain the nature^ 
tl)e atmo pheiic air is sensibly the same, with regard to its intimate qualities, 
wherever we examine it," Fourcroy. 

§ When the nature of atmospheric air began to be understood, it was ima- 
gine 1 that it was a mere mixture of uxy en gas and nitrogen gas, but vre 
Dave now abundant reason to believe that rt is a real chymical compound ; 
that is, that the oxygen and nitrogen form atmospher c air by a chymical 
union. Dr. Thompson, vol. iii. 314. 

Mr. Dalton, an ingenious modern chymist, is still of the first opinion ; 
but an experiment, made by some friends of mine on a large scale, proves, 
I think, the fallacy of his theory. In order to produce sulphuric acid, 
without the intervention of nitre, they caused a stream of atmospheric air 
to be thown upon burning sulphur, from a very powerful bellows construc- 
ted for the purpose 5 and though ihe experiment wa> made under the most 
favotwable circumstances, and the bla«t kept up for thiee dayH, no portion 
of sulphuric acid was formed. Does not this prove that oxygen has a greater 
affinity for nitrogen than for sulphur, and that atmo. pheiic air is not a mix- 
ture, hut a chymical compound ? 

H Accordi .g to Mr. Davy, the air of Europe, Asia, Africa, and Ame-l 
rica, differs very little in the proportion of its ingredients. Journal Koya 
Insnt. 

f T'ni» atmospheric air is a chymical m xture of two distinct and solid 
%jM VIZ. oxygen and nitrogen, rendoed aerial by the expansive 

brie : it likewise contains a portion of carbonic acid gas. 
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They are called oxygen air * and nitrogen snr. 

^r^ oxygen and nitrogen the oniy substances which enter into the 
mmpositioH of the atmosphere? 

No : atmospheric air contains also one part in every hundred 
of carbonic acid gasf, and several adventitious substances. 

What other substances are found in atmospheric air? 

Besides carbonic acid gas, which is chymically combined with 
the airf, it holds a portion of water in solution^ ; and sometimes 

* The re pirabiepart of atmospheric air has been called oxygen, on account 
•f Irs acidifying principle; the other* part has been ternied azote, from its 
known quality of kiii'.ng all animaU which are obliged to breMthe tt» whea 
tepar:4ted from ox>gen. The terms are taken frum the Greek language* 
I have *n this work suh<;tituted nitrogen for azote, because it is the ba&e of 
oitric acid, Rndit aj^rees in termination si\\\i oxygen and hydr g^n. Carbonic 
acid gas and hydrogen gai are a> incapable of supporting life as nitrogen ; 
therefore there is no reason why one should be called azote more than the other. 
It should be remarked, that oxygen requires /i^^/ as well ns catric in or- 
der to convert it info vital air. During combudiiun, the vital air gives out 
this light in every direction. 

f If a pure alkali or an alkaline earth be exposed to the atmosphere, it 
will gradually absorb carbonic acid. This is also the ca^^ewirh several of 
the metallic oxides. As atmospheric air is always furni*>hcd with caibontc 
acid, no wonder that so laige a number of the salts are found in the state 
of carbonates. 

Carbonic acid gas is found to rxist in the atmosphere not only near the 
surface of the earth, but at the greatest heights ; which is a proof that it ia 
not a mere roixure, but that it is chymically combined with the air. Saus* 
sure found it at the top of Mont Blanc, wh ch is esteemed the highest point 
of the old continent. However, it is probable that the proponion of^car* 
bonic acid is Uwt hO large at great heights as it is near the earth j for the un* 
fortunate philosophers who attended La Pernuse in his last voyage could not 
detect it in the atmosphere at the summit of the peak of TenerfFe. 

La Perotise^s Voyage, 
Dr. Thomson has calculated, thit on the supposition of ther being i j>tr cent, 
of carbonic acid dispersed throughiut the atmosphere, its abnoluie quantity 
would a'mount to more than one hundred millions of hundred millions of 
pounds avoiidupois \ and remarks <^ that thi^ enormous quantity undoubt- 
edly nerves some valuable purpose in the atmosphere, though our knowledge 
of the Cianges which go on in that great laborat >ry is at present too imper* 
feet lO enable us even to conjecture the uses to which it niay be applied.*' 

System of Chymistiy, vol. iii. 330. 

Some of the uses of carbonic acid gas in atmosphetic air I thirk are 

TCry apparent. Without it none of our buildings would acquire the neceg- 

iary degree of firmness, as it is well known chat mortar hardens in Cunse* 

Suence of the absorption of this gas; and if the atmospheie was entiiely 
ivested of it, it is doubtful whether plants of all kinds would vegetate as 
they n«w do 5 for its base is the proper food of vegetable;;, and nature has 
given them the means of decomposing it. 

J Carbonic acid gas is nearly twice as heavy as common aire hence it.is evi- 
dent that it mu«t combine cbymicaliywiXh the atmosphere, or it would be found 
on}y near the.surface of the earth. If it was merely mixeii wiih the aimos- 
ttheric air, its gravity would prevent it from ascending to any great height. 

^ Upon an average, atmospheric air contains about i per cent, of Water 
in tlic sute of elastic vapour. 
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contains hydrogen gas* and carburetted hydrogen^ 

Jf^hat are the sources of these other gasesP 

Carbonic acid gas is constantly formed by the respiration of 
animals and by ^pmbustionf ; and hydrogen gas, and carburetted 
hydrogen gas, arise from various sources, particularly from marsheSf 
stagnant pools, &c. all which are prejudicial to the animal crea- 
tion. V 

If carbonic acid air and carburetted hydrogen air are prejudicial t§ 
animal life^ how are they corrected in the atmosphere P 

These airs, which would cause the death, of any animal obliged 
tp breathe themj:, are the proper nutriment of vegetables, and 
nature has endowed them with organs for their decomposition. 

Tou have spoken (f different gases ; what do yot^ mean by gas? 

^ Jt is remarl^iblC) that whenever aqueous vapour is added .o atmospheric 
^Fr an augmentation of volume is the consequence, and damp air it always 
ipeciiically lighter than dry air. This shows that it is not a mere mixture, 
but a chyniicai combination. 

From ibe frequent decompositions which are taking place upon the surface 
of the earth, the atmosphere must always c^mtain a portion of hydrogen gas i 
but we havc no teady means of detecting it. 

f The quantity which is daily formed by the^^e processes is so great, 
that >t ntust have increased rapidly, had the Almighty not provided means 
for its being as rapidly decomposed. The w>itdum and goodness of this ap- 
point ment m^&t be apparent :o those who know that whenever atmospheric 
a|ir becomes charged yrith one tenth uf this gas, it is unfit tor promoting 
combustion, and is fatal to most animals that are obliged to breathe it. 

1 Every chymist must be aware that a large quantity of carburetted by » 
drbgen gas ts perpetually evolved at the surface of the earth j he must also 
know that this gas is fatal to animal life. I could adduce a melancholy in- 
stance of a gentleman who inhaled it by mistake, and died almovSt immediately 
in consequence of it. How ttien has the all-wise Artificer of the wo' td con- 
trived to protect its inhabitants from the baneful mfiuence of that immense 
quan;ity with which the atmo>phere is perpetually contaminated ? the means 
are as f^imple :>s they are important— -Vegeiablts aie so constituted that carbon 
and hydrogen are the nec^s&ary food of plants, and conduce to the suppoitof 
vegetable life : the^r vegetating organs seize the carbonic acid gas which comes 
"witiiin their reach, and while they appropriate the carbon tu themselves, the 
oxygen is thrown cff to renovate the atmosphere by its union with the nitro- 
gen rejected by animal respiration. As all vegetables are in want both of 
carbon and hydrogen, there can be little doubt but that by their means the 
atmosp!.ere is 'divested of carburetted hydrogen gas also. Thus, what is 
noxious to man is rendered beneficial to vegetables; and the oxygen which 
vegetables are not in want of, is separated by th^m in its utmoi>i purity for 
the Use of man. The wisdom, the simplicity, and the beneficence of this ar- 
rangement are so striking, and address us with so much effect, that the mind 
pf the reader may be left to make its own reflections pn the goodness of the 
Deity. 

Eternal ruler of the skies. 
How <various <)re thy works, how wise ! 
Huw great and good ! what tongue can frame 
An equal honour to thy name ! Merrick* 

"^ Additional Notes, No. 5. 
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When solid substances are rendered aeriform by heat, the air 
thus produced is called a gas*. 

Is there any chymical means of analysing the atmospheric air? 

By the operation of different agents, tb^ fyeral gases may be 
separated from each other, and the quantity of each ascertainedf . 

Do you know the proportions of the different gases in atmospheric air? 

There are about 22 parts of oxygen, 77 of nitrogen, and one 
of carbonic acid gas, in every 100 measures of atmospheric air^ 

* Van Helmont was the first ch)ini8t who made use of this term to denote 
an elastic fluid. He gave fixed air the name of gas. 

AH the Bimple gases are termed with a substance more or less solids and 
caloric. It is caioiic which separates the particles, and gives to the whole 
a gaseous form. In order to pioduce an> of the gases^ h^at is generally 
made use of, though sometimes we have recourse to the acids for this pur- 
pose. 

Xhc gases are elastic, invisible, ponderable, and permanently aerifoiro, 
unless condensed by chymical combmationti. 

The permanency of toe gases appears tp be owing to the strength of the 
affinity existing between caloric and their bases, which affinity resists every 
reduction of temperature. 

When gases are produced by distillations, or by chymical mixtures, the 
radical of the gas is not merely heated by caloric, but caloric is chymically 
combined with it, and forms one of its necessary component parts. Some 
of the gases, such as muriatic acid c;as, nitrous g.is, &c., may be condensed 
by water ; but in ihis case a new combination is formed by the acid and the 
water, and the caloric is disengaged in the form of sensible heat. 

For an account of the method of collecting gases, and of transferring them 
from one vessel to another, consult Berkenhoui^s First Lines of Philosophi- 
cal Chymistry, page 104, wtiere the necessary apparatus is minutely des- 
cribed, and appropriate drawings are annexed. 

Tl.e pneumatic trough which is used for these purposes was invented by 
Dr. Prie!^tley. A common tub with a shelf fixed in it was what he first used; 
bu* he was afterwards fuinii^hed with a very elegant apparatus which the 
amiable Duke of Rochefoucault sent him from Paris. 

-I* The method of doing this may be seen in Lavoisier^s Elements of 
Chymistry, or in Bouillon la Grange; to which I lefer the reader. 

The gases have been divided by some wr^ers into two elates, viz. those that 
are respifabU 3Lt\d capable of maintaining combustion, and those that are not 
respirabUf and incapable of maintaining combustion. Ir is remarkable that 
if we attempt to breathe any of the non respirablf gases, they stimulate the 
muscles of the epiglottis in such a manner, as to keep it perfectly close, and 
prevent (in opposition to our exertions) the smallest particle of gas from en- 
tering into the bionchia.— (Accum^s Chymistry.) Some modern atheists 
have asserted that the members of the animal body have acquired their adap- 
tation to the wants of the individual by habit ; and that they have been gra^^ 
dually formed to what we see them by repeated use from generation to 
generation ; but here is an instance of the pai ts refusing action for the pre- 
servation of the animal. This peculiar faculty therefore (as a celebrated 
writer has remarked in another instance) could not have £^rown out of the 
use of the parts though ir had had an eternity to grow in. It can only be 
attributed to that beneficence of contrivance which in so many instances ex- 
<cites our gratitude and admiration. 

\ The proportions, according to Lavoisier and other writers, are 27 <"' 
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Is there much difference in the nature of these gases? 
Yes : they are of different and opposite qualities^ 
What are the properties of oxygen gas? 

The oxygen pgfHi jitmn phrrir air \t the principle of com- 
bustionf ) and the vehicle of heat| \ and is absolutely necessary 



oxygen and 73 of nitrogen : and if they calculated by ovW^^/y these proper* 
tions will be neir the truth, as the specific giavity of uxygen gA is greater 
than that of nitrogen gas. 

The pupil may be satisfied with the truth of these proportions in various 
ways ;— the following is the easie»t : 

A ligh ed tapei will not burn in nitrogen gas a moment; if immersed in 
oxygen gas it bums with a splendour too great tur the eye to endure : but 
if three measures of nitrogen gas and one of .oxygen gas are put into a jar 
inverted over water, and alighted taper put into such mixture, it will burn 
exactly the same as it does in armcsphetic air. 

<< If a few hundredth parts of oxygen only were wanting in atmospheric 
air, fiie would lose its strength, candles would not diffuse such complete 
light, and animals would with difficulty separate the necessary quantity of 
the vivify ng oxygen. On the other hand, if the atmospheie were more 
charged with oxygen than nitrogen, animals indeed would acquire a freer 
respiration; but let Us consider the activity which fire would acquire by air 
of superior purity. We know that, on some occasions, the least spark ex* 
cites the strongest flame in a combustible bcdy, and which increases so much 
as to consume it in a few moments : candles /i&e» would be no sooner ligh -v 
ted than they would be destroyed, withoui answering any other purpose than 
that of da:;zling us for a few moments : iron would be calcined, instead of 
acquiring from the fire that softness necessaiy for transforming it into vari- 
ous instruments, an'l which it cannot receive in a more moderate heat. 
Nothing would be capable of checking the progress of this destructive ele- 
ment, which is nourished by vital air, ifthi<; aeriform substance were not 
abundantly mixed with mephit'C air, which serves to restrain it." Anthony 
de Marti on the Constitution of the Atmosphere. 

* These gases are of such opposite quaiities, that the one is sometimes 
called 'vital air; while the other, from its causing the death of those who 
breathe it, is by the French chymists (as has before been remarked) called 
azotic gas. 

f The necessity of oxygen for stipportihg combustion may be shown by 
the following simple experiment. Pour a little water on a flat dish, place 
two or three lighted wax tapers of different lengths in the water, and invert 
a tall gjlass jar over them. The flame of the different tapers will soon be seen 
to grow smaller, and at length will be extinguished in succession. That 
which is highest will be extinguished first, and the shortest taper the last, 
owing to the purer air occupying the lower part of the jar. 

\ <* Dr. Higgins having caused a young man to breathe pure oxyren gas 
for several minutes, his pulse, which was at 64, soon rose to 12c beats in a 
minute. The advantage which may be derived to the sick, by increasmg or 
diminishing at pleasure this natuial stimulus in the blood, may be easily 
conceived j for, by abstracting a part of the oxygen from atmospheric air, 
the pulse may 'ikewise be lowered at pleasure." Dr. Thornton's Mtdical 
Extracts. See Additional Notes, No. 6. 

Pure oxveren gas has been used also with success in cases of suspended 
anir 
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for the support of animal life'*'. 

fF'iat is the nature of oxygen gas^ when in a separate state? 

Pure oxygen gas has the property of ac^lei^ing the circula- 
tion of all the animal fluids, and occasio||h|Aaost rapid com- 
bustion of all combustible substances ; so that it is the most 
energetic and powerful agent that we are acquainted withf . 

What is the specific gravity of oxygen gas? 

Oxygen gas is a little heavier than atmospheric airf , and 740 
times lighter than water. 

What are the principal properties of tutrogen gas? 

Nitrogen gas $ is somewhat lighter than atmospheric air ; very 
fatal to all animals \ and incapable of supporting combustion. 

Water impregnated with oxygen gas has been found a valuable remedy in 
several diseases, f^y depriving common wa;er of the atmospheric air by 
boilingy and then forcing oxygen as into it, I have occasioned a large ab- 
sorption of ir, and have found that it retained it beAr than carboi.ic acidi 
gas 'S retained by water. 

* It has been proved by Mr. Htssenfratz, that oxygen is necessary to 
promote the vigour ot plants as well as that of animals ; and ihat to this 
end, a much larger quantity of oxygen is combined with snow, and in lain 
water^ than in river or spring water. See Phil. Mag. vol. iii. 239. ' 

Leaves, lungs, anJ gills, the vital ether breathe 
On earth*s green surface, or the waves beneath. 

A collection of experiments on the effects of oxygen on animni and 
vegetable life maybe seen m '* A' cherts Observations 011 Oxygen/* 8vo« 
Dilly, 1798. 

"f If I were writing for adults, I should think it necessary in this place 
to explain the other properties of oxygen, viz. its power of oxidizing metals, 
and converting several substances in the mineral and vegetable kingdoms to 
acids I but as it will be some time beforu the pupil will enter upon the in- 
vestigation of these subjects, I thou.ht it most advisable not to burthen hit 
memory with these facts at pies^ent. 

X At the temperature of 54-50, when the barometer stands at iS inches, 
oxygen gas is ii drachms (or i^ ounce) to each cubical footj whereat 
nitrogen gas is only 10 drachms 48 gramn tu the cubical foot. 

Oxygen gas is plentifully piocuied from nitre, or from the black oxide of 
manganese. Four ounces of nitie melted with a little slacked lime produced 
Mr. Ingenhouz 3000 cubic inches of vital air. See Additional Notes, No. 7. 

§ Nitrogen enters into all an:mal substances. It is ^.enerally combined 
with carbon and hydrogen. - It is also the base of ammonia, and of th^ 
nitric acid. It appears to be favourable to planf^, as they grow and vege- 
tate freely in this gas. It seems to be the substance which natuie employe 
in converting vegetables o animal substance- ; and to be the grand agent in 
animal ization. See Fouici oy*s Philosophy of Chymistry, chap. xi. 

When nitrogen gas is required for experiments, it may be prucui-ed thus,^ 
with little trouble and expence :— -Take a few iron filings, mix them with « 
little sulphur, and moisten the mass with water. Put this mixture into a 
Isrgc glass jar, and cork it close. In a few days the oxygen will be ab^ 
jK>rbed by the mixture from the air which was previoMsly in the glas9| aa4 
the nfidaiim will be fotind to be nitrogen gas. 
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&\^ ^W «q;^.qb^ fefti^ ti' M Mmjm ■!■! it mmmai Bfi^ wbat is the 

NSwN*^ jP» ^ 1^ e flwt of fuj fan^ in mne measure, 
tW J«v^«wj»*{«^(||^^f«» MMiiwMlerH^ it fit Cor respiration 

^ ;:te won: ^ aaEcracca fK with oixfgen gas: the latter, 
^tS!li««^): ^Kiuiu: ivn; <«trr i^m^ within its reach with an onparal- 
^(M;. tkt»oc«%. n^ J» ^ were, dissolved and dilated ; and the 
:tibkt4t>t ^' ^^ SMTJMr » so auich enveloped by the btter, that 
^!h^ ;:>^tt|^^tlt^ MRmas properties, different to either of these 
^0<s. ^ •!» ^ W ifixtd far every purpose for which it was de- 
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^ l(;v^4i>i^ t» Tms^ct, the gas emitted by the skin is pure nitrogen. 

'* 1/ '^ tH5^iN<(*<w» ot oxygen and nitrogen were reversed in atmospheric 
^Xy :ii^ .u(, CfiMJofc <» by respiration would be more stimulant, the circulation 
%« M ^<«MKt :MSfi^<9t^t«:d, all the secretions would be increased, the tcne of 
1^ ^<»«»li*. t^^ stiaaulated to increased action, would be destroyed by over. 
^.^ .;%.«Hi^ i V>d >f ^be supply from the siomich were nor equal to the con* 
>u«M|*;i«Hik (^ body must inevitably waste and decay.** Dr. Lambe on Con- 
3AUu(ii/i)ddi Pii^;ises. 

Iliyt.'iis^ th< wisdom of the Deity, in the constitution of atmospheric air, is 
jML(;Hid(ti>t M )■ the nutrition:' quality of the food which he has provided for 
1^ support of the creatures of his formation. 

^ (Plough nitrogen gas is, by itself, so noxious to animals, it answers an 
illi|KSt<tMt end when mixed with oxygen gas in atm ;spher c air. Weie it not 
tM th< latge quantity of nitrogen in atmospheric air, the blood would flow 
^iih too sreat rapidity through the vessels, and all animaU would have too 
^i<ac xpirits^ the consequence of which would be, that the life of man would 
«^t b« protracted to the length that it now is. 

•• From Nature's chain, whatever link you 'Strike, 
«* Tenth, or tenthousandth, breaks the chain aliieJ*'' 

Pope. 

Nitr<^n gas has been medicinally administered with success in cases of 
iiK»ea^«d irntabil ty, such as inflammations. Sec, 

J Fin necessity of atmospheric air, for the support of life, was exemplified 
by a melancholy accident which happened to two men m the bay of Dublin, 
who went to visit a wreck in a diving bell. Two bairels of fresh air were 
to be aiiernately sent down to them, and the contaminated air was to be let 
•at by m stop cock at the top of the bell. But, by the contf action which 
lopcs suffer in being wet, the bell turned round in its descent, and entangled 
the atriags by whi. h the divers meant to ring bells, and milicate their wants 
•o th« p«»|* • the ship from whence they were lowered. Waiting 

coo Ion^% 1«> the bell was raised, and the diveis were b'th found 

dead. *■■ drowned, but died, like the unhappy people in the 

I>ole ar int of a supply of pure air. Walker, vol. i. %%%. 
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By giving out its oxygen and caloric to the UoDd*. 

fPTfot do you mean by caloric? 

Caloric is the name which modem chymists have ^ven 16 
fire, or the natter of heat \ a large portion of which is intimately 
combined with atmospheric airf • 

Is the caloric which if combined with the air hoc breathe^ sufficieHi 
rf ilsetf to leep up the necessary heat of the body? 

Animal heat is preserved entirely hy the inspiration of atmot* 
ic air. The lungs, which imbibe the oxygen gas from tbt 
air, impart it to the blood; and the blood, in its circohtioiif 
gives out the caloric to every part of the body(. 



* Dr. Priettler has shown, by a variety of experimciiti, that the bloft4 
perpetually receives oxvgen gas {or what be calls dephtogitticatcd air) froA 
te atmosphere, by the agency of the lon^t. See bit Experiments on Air. 

" The blood is pmrfu when it arrives at the Inngi $ bnr having there 
thrown >ff hydrogen and ch ircoal, it imbibes the vital air of the atmosphere, 
which chan<;es its dark coloor to a brilliant red, rendering it the spur to 
the action of the heart and arteries; the source of animal heat; and the 
cause of sensibility, irritability, and motion.** Dr. Thornton. 

Black venal blood, ezpoeed to the air, becomes red ob its snrfaee ; and 
air, remaining confined over venal blood, loses its oxygen, so that whal 
renmns is found to be unfit fur c^mbusti-m. These facts ptove that iJbm 
▼ermilion colour of the blood is owing to the inhalation of oxycren gas. ' 

'* The internal surface of the longs (or air vessels) in man, is said to be 
equal to the external svrface of the «^le body : it is on this extended -^wtHtm 
that the blo>d is exposed, through the medium of a thin pellicle, to t.ie in* 
fccBcc of die respired air.** Dr. Darwin. See Addttionil Notes, No. f* 

«< *Tis surely God 
Whose unremitting energy pervades. 
Adjusts, su -tains, and agitates the wholeJ 
He ceaseless works alone ; and yet alone 
Seems not to work : with such perfection framed 
Is this complex stupendous scheme of things.** 

TiroMsoii. 

By the rise of the breast-bone in man, and the descent of the diaphragm^ 
SDom is afforded fur 4a cubic inches of atmospheric air at every drawing in 
6i the brcMh. A deeper mspiration will give room for more than twice this 
«|Ba»tity. KeilPs Anatomy. 

-f- I*iB;s name was eiven by the framers of the new nomenclatdre to the 
saner of heat, which they always disttnguith from the effect. Caloric is ap* 
^led to fire, or the substance which produces the sensation we catl heat, h^ 
er to the sensation itself, or the effect produced by fire. In this case, i% 
bd tlut caloric raises the temperature of bodies, or, on the contrai^, thai 
tOBperatare is lowered by the loss of caloi ic. 
{ Dr. BAenxies ascertained, that the blood in its passage through th% 
" I more than oae degree of Fahrenbeit*s thermometer. Dr. M«i« 
•■ Respiration. 
IV. Gniwfbrd instituted a series of experiments, with a view to difeoftr 
•r«i«^^h«e. I«.i.C««.rf hi. inquiry. h,*.uuart«.W..- 
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Haw do clothes* conduce to preserve the heat of the body ? 

When the temperature of the atmosphere is colder than our 
blood, clothes are necessary to prevent the sudden escape of 
that heat from the surface of the bodyf which the lungs have 
separated from the atmosphere j:. 

contains a much ^^reat quantity of absolute heat than the elementary substances 
qX which it is composed. 

According toLavofsier^ a man renerally comsumeS 31 ounces troy of oxy- 
gen gas ID 14 itotirs } that hi, the It^ngs separate tbi() quantity of o3»ygen gas 
from tht air \<^hrch be respires in that time. . . 

The bFood, in parsing through the lung^ to take tip oxygen gas, throws 
oiF charcoal \ for there is a larger poition of carbonic dcid gas thrown out 
in every respiration than could be furnished by the atmospheric air. 

Lavoi^'ier has shown that, in respiration, there is a constant combination 
of the o]tygeii of the atmosphere with the hydrogen and carbon of the blo^l. 
^it Additiefial Notts, No. 9^ 

"" '< Thus tiFfi discordant elements drrests, 

Kejects the noxioujf and the pure digests ; 
Combines with heat th. fluctuating mass^ 
And gives awhile solidity to gas."* DAHwtN. 

See -a gbod Memoir on Respiration, and the Production of animal Reat» 
1>y Armand Seguin^ in the 6^th volume of the Monthly Magazine, page 947 
but this subject istre'ted more at large by Dr. Bostock, of Liverpool, than 
any other writer ; to whose wv)rk I would refer the reader. 
•. '* Cloth Jb keep the body warm in consequence of the arr which they 
infold within them; atmoapheric air being a non^condu6K>r of heat. It is 
on this principle that double windows preserve the warmth of apartments at 
an equable temperature. In like manner douh^6 lids for boilers, foimed so 
as to hold a Hheet of air, are found to be very effectual for preserving the 
heat of the liquor with a very small portiron of fuel 

f We clothe otMy^res with wool because it is a b-^d conductor of heat, 
and retards its esfljJIPtrom the body. The inlvabitants 4>f Russia clothe 
themselves in fur, because fur is stiU a worse conductor of heat than wooK 
Sheep are natives of a temperate climate; but bears and ermine of the 
coldest. The provident caie of the Creator is evidently conspicuous in this 
appointment, and drscovers the same nndevating attention to the comfort 
of ail hi creatures t hence, the clothii>g of animals in the torrid zone is hair, 
in the temperate zones wool, in the frigid thick fur. 

X rh:>9. animalb which do not breathe, such as fishes and insects, have 
a bod'Iy temperature but little superior to the medium in wh'c'i they live. 
The temperature of all animal? is proportional to the quantit) of air which 
they breathe in a given time. Man, quadrupeds, and whales, have a heart,, 
and bie.ithe through lungs ^ in consequence of whit:h structure heat is evolv- 
ed du ing the circulation of blood. They are therefore called warm-blooded 
animalsr In the severest winter, or in^thc coldest regions that man 01 any 
quadruped can inhabit, the temperature of the body is hardly a degree lower 
than in the warmest summer, or in the torrid zone. A tlermometer with 
its bulb under the tongue, or buried in a wound in any fleshy part of the 
^d vs indicates a heat of 97O or 98°, be the tenperature of the air 

^r — (Skrimshire's Essays.) This astonishing eftect is produced 

/ position of atmospheric air, as explained in the preceding notes. 
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Wiat hecomes of the nitrogen which was combined nmth oxygen in 
atmospheric air? 

The greatest part of the nitrogen is thrown out of the lungf 
at every respiration*j and being somewhat lighter than atmos- 
pheric air^ it rises into the atmosphere to await fresh combina* 
tionsf. 



A po6tu1at!im has been assumed by some atheists, that the organs of the 
body have been formed by what .hc> call appetency^ i. e. endeavour perpe- 
tuated, and imperceptibly working its eifec(> through a long Ktries ot geneia- 
tiuns : but I -would .tsk any man of common unuerstunding, whether he 
would like to assert that he believes this to have been the way in whch the 
lungs acquired the faculty of decomposing atmospheric air ; and that he be- 
lieves tkn this hypothesis iti sufficient to account for the composition of this 
air, which so exactly suits the operation of thebe lungs, and which contains 
thu exact portion of caloric v^hich the animal oeconomy requires ! It ib wor- 
thy of remark, that cold-bluoded animals, which are not furnished with 
this breathing apparatus, aic so constituted that they r temperature changes 
with every change of the temperature of the surrounding med um. ** Frocs 
have been absolutely frozen so as to chip like ice, and yet when carefully 
and k{radually thawed have been completely reanimated.** Sknm^ihire. 

* It is not simple nitrogen which is thrown out, but nitrogen gas \ for, 
when the atmospheric air is decomposed by the lun^s, only a part of its ca- ' 
Joric is taken up by the blood, the other part remains combined with the ni- 
trogen, to preserve it in the form of gas^ and to facilitate its being thrown 
off by respiration. 

According to Mr. Davy, a small portion of nitrogen (viz. 4 or 5 ounces 
in 24 hours) is absorbed by the blood, and furnibhes the animal with one 
of its constituent parts. See Davy's Res-earches. 

It may be remarked, ihat the iniei val wh'ch there is between every inspir- 
ation seems to have been designed by nature, to allow time for the nitrogen 
gas which is thrown out of the lungs to mount in the air above the head, in 
order that a fresh portion of air might be taken in,and that the same air might 
not be repeatedly breathed. That this actually entered into the plan of the 
Divine mind, may he presumed also from the levity which has been given to 
nitrogen gas, and which enables it to rise upwards in atmospheric ar, 

f It may be observed that, if the author of nature had reversed' \}eit spe- 
cific gravity of the two con tituent parts of atmospheric air, the nitrogen 
thrown off by the respiration of men and animals would have perpetually 
occupied the lower regions of the stmosphere, and produced universal pesti- 
lence. Nitrogen i^as is very little lighter ihan atmospher.c air, but probably to 
that little live atmosphere owes ine salubrity it possesses. How provident 
has the Almighty been, in 'tkuB foreseeing the operation of those laws 
which were designed to promote the welfare of every species of animated 

beings! • . r 

*« A vessel pf 1000 cubic inches will contain 315 troy grains of common 
air } but .t will contain 335 of oxygenous gas, and only 297 of nitrogen gas." 
Dr. Black^s Lectures, vol. ii. 109. 

From the experimentH^ of some aeronauts, it appears that the air in the 
upper regions is more imftfw than that nearer the earth ; which is probably 
owing to the greater levity of nitrogen gas, or to the effects of vegetation on 
the lower parts of the atmosphere. ^Whatever may be the cause, we cannot 



but admire the wisdom of the vt^gemtiw 
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Tf^hqt pfovision has nature made for restoring ijst vast quantity of 
oxygen nvhich respiration and combustion are perpetually taking from 
the atmosphere? 

The leaves* of tree$ and other vegetables give out during the 
daj a large portion of oxygen gas^, which, uniting with the 
nitrogen gas thrown oflf by animal respiration, keeps up the 
equilibrium, and preserves the salubrity of the atmosphere. 

// this perpetual renovation of the atmosphere owing to a fortunate 
concurrence of circuipstances^ or is it the effect of design and con^ 
trivance ? , 

When we recollect the various processes of nature and artf 
which concur with respiration and combustion in depriving the 
atmosphere of its oxygen ; and that atmospheric air, notwith- 
standing uniformly contains in every quarter of the globe the 
same proportion of this gaseous substance, we can attribute 
the renovation to nothing but design; and perceive in it a 

* Tb.e upper side of the leaf is the organ of respiration ; hence some ve^ 
getahles (as they give out oxygen only m theday) close the upper surfaces of 
their leaves during the night. The multiplicity of the leaves of trees, &c. 
shows the importance of transpiration to a vegetable. 

To obtain oxygen gas from the leaves of plants, fill a glass bell with wa* 
t^r, introduce leaves und^r it, and place the bell inverted in a flat dish of water. 
]£xpose t.'ie app.tratus to the rays of the sun, and very pure oxygen gas will be 
disengaged, which will displace the water in the jar 1 and occupy its place. 
Clngenhouz.) A sprig of mint, cojked up with a small portion offoulairf 
and placed in the light* renders it again capable of supporting; life. The 
plant purifies what the animal had poisoned. 

For, while the vegetable tribes inhale 
The genial moisture]; from the parent vale. 
Their vegetating organs decompose 
The salutary compound as it flows $ 
Select the hydrogen with nicest skill. 
And mould it into/esin at their will. 

The OXYGEN, abandoning the mass. 
Combines with heat, and changes into gas ; 
Which, from its inmost cells, each leaflet pours 
In vital currents through ks mymd |>ores i 
And thence, by <vivi/yiHg tempos htirrd 
From pole to pole, it cheers a faii|U^ world ||. S. P. 

Hales found that a sun-flower, three feet high, transpired, in 12 hours, 
seventeen times as much as a man. 

f All the oxygen is not given out by plants ; part must be retained to 
form the sugar and acids which are found in veeetables. Mr. Cruick shank 
has shown by experiment, that oxvgen is absoluteiy necessary for the con- 
irersion of mucilage into sugar. (Rollo on Di|k||Ms.) Plants also absorb 
nitrogen from the atmosphere with avidity ; and this is anothei means o£ 
l^eeping up the standard purity of atmospheric air. 

X Water. g See LavoisiecV^^pents, part u chap. 6t 
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proof that the Itvs of nature matt be referredi not to blind - 
chaace, but to unerring intelligence combined with infinite" 
goodness*. 



CHAPTER in. 
OF CALORIC. 

^ HAT is hatr 
Heat is the well-known sensation cntsed \tj the approach vi 
■ tiodiet of a superior temperaturef. 

W^hat namt is given to the matter of beat f 

Chymbts have agreed to call the matter of heat caUrief, 10 

^ An kind* of tegetableii, when aiiiited hj the nji of the (nn, have 
tiK puvcT of decamputing water } duiing wb^cli decompoiilion the hydrogen 
itmbiioibed, and goea to the formation uf sil and retm in the vegetable; 
while tnc oxygen cunbinei with pan of the caloric received from the mn| 
aod ia given oui in thcform of oaygcDgat i (a that ihii ra* o^rraJiss of iia- 
tore {lie* nouriibment, and pcovidet matcriaia of growth to the vegetable 
creation, and at the •amc tiioe reoovatcB the vital principle in the atmoi- 
pbere. 

, Nuihing ahort uf eotwummale wiidom coald have conceived any thing half 
M beantital in design, or extenaively an.i tuperUtivcJy uieful in effect. 
See Additional Notes, No. 10. 

■f The tcnaation of heat and cold is entirely owing to the tendency which 
c^ric hat to diffuse itself c fl)Bfa amonEti all aubttancea that come in 
contact with it. It the hamf'HHpbupon a hoi body, part of th; caloric 
leavea the hot boUy and enlMnMlund : this prodncci the Mniation of 
teat. On theconuary, 'f the hitifd be put upon a cold body, part of the 
caJsric contained in the hand leaves thu hand to unite with the cold body t 
thii producea the icnfaiiDii ul cM. 

For the belt mcthuils uf producing artijicial cold consult Mr. Walktr'f 
papers in the Pliilosuphical Tiaiiiactiona for 1795 and for iSoi, 

% In answer tu ihc qtieiium, what is the laute of caluric f it may be oe- 
C«a*ary to aiwe, ihat pnilowMhen have differed in their opinion* on tliia 
tnbject. Sumc have ton aj ijap ii merely the conaojuence of a peculiar 
Uotiom anMng the particles 6T Iwdieg, and th it it has no exiitenee indepen- 
dent of motion, any inoie than sound liaa. Others have supposed that it is 
■ally a distinct aubBiance, which exists miiependent of every other. Th^ 
hncriaibe opinion of taodei 
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oHer to distinguish it fi'otn the sensation which this nutter 
produces*. 

Wbai are the uses of caloric\? 

Caioric is every where indispensable to the existence of man. 
« It is with fire that, in every country, he prepares his food, 
that he dissolves metals, vitrifies rocks, hurdens clay, softens^ iron, 
and gives to 3II the produciioos of the earth the lorms and com- 
binatiuns which his necessities require." 

What are the sources of cahrts? 

There are five sources from whence we procure caloric, viz. 
from the sun, by combustion, by percussion, by friction, and by 
the mixture of different substances^. 

Which of these is the principal source of caloric? 

The sun is the first source which furnishes the earth with a 
regular supply^, and renders it capable of supporting the anima! 
and vegetable creation s II . 

" In orJer to give precision to ehymical iDnguagr, it was nerntarj !■ 
£n<t a leim to distinguiUi ilic mailer of heal from it> effeci) f' r, whcnercr 
eaJoric \>tcomn fixed in a body, ii loses iis piopcity of uffi.tdiig heat. Ho- 
lliing can be more eviiieni ihaii thai taloric may ntim in many vubitcncd, 
without pioiUicing any of the effectt winch iiise fiom the agency of Aic. 

f Many of ilie u«ei of lire will immediately oclui to every inijividuil, 
whenever the imparlance of this subtle fluid is alluded 10 ; though perhipi 
the wi'idom of the Deily, in giving the use of ii to man onli , hai noi been 
often noticed. Bi>t if it w<,re at the disposal of animala, Which of att 
lives, or of our p^saeaiionB, would be safe for a lingle moment i . Wby 
Iiai this powerful agent been 6o)ely iniiuated to man? Why wat enry 
fowl of heaven, and every beast of the field, impietsed with an uncos- 
(((letable drtadtjf approaching it ? It is difficult to conceive of any annwer, 
which (hall not admit or imply the wisdom, goadneis, and providence, of 
the iln: cau^. 

X These are the chief sources of calorie with which we are acc]uainteili 
but there are instances of ipBntantout combustion 00 record, which are on.. 
accuuntable. The musi rem.nkable case that 1 have seen, is related in thi 
Philosophical Magatine, vol. xvi. 92. See alio an interesting memoir 0* 
this suhjecl, vol, jiviii, 546. _ 

PcrhapH lemfireiiian miiflii wii^ ^i^?||^|^ added to this list. See n 
account of Mr. Bioi's Exprnni^t, ii^^^^^M:)inp. iv. j and that of the 
eSTecIs of the sudden compivssion of B^^^^^K^atr in the chapter on c<md- 
bti'ti.-n. ^HV 

§ C..:ori.- comes to us from thesun at tSt^Kal soo.ooo miles in a aecomd 
of time; hut Dr. Iler'chel has piovcil, ib^^K^lar rayt which pmdlNC 
hectare distinct front thu(ev.'!iiGh.ilhiininatetn4.pt(>dMce vision. 

II AccorLling to the lnw< of nature, animal and ve^u ble life arc both 
very much intluenced by the lemperitUfC in which iliey exist ) and accord- 
iogly we (ind diSeiem Icmils ot vi^-tL.ihles, nod a iliffcieni race of Bnimali, 
appropriated to the different ci mr.ie, oi il'.e iirtb. 

Thai caloric is as ntcr-.suiy I. i ■■.he :ii].j^ori .f vefretnWcat it is for that 
of animal life, may be piuvi-ii I v .lirtci exi-ernim. If in the midst of 
winieraholebeho.cd inall^•.■, .1.! ,< tiitm.. ni.tci |ioi mto it, it will be' 
seen that the tree is many di:gK')?« wai|{Uea^i'3>' ''^e otmuiphere. WalkCTfi 
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' How ii ctdoric famished 6y ^etnhustmt ? 

The oxygen (jas if the atTiosphere is decompiled b7 coil- 
bmcion; and caloric, oae of itscon,)oiient parts, is set at liberty*. 

Haw is cnhric produced H Mrcussion? • 

The heat p'-oJuced by percussion ii ^ neral I y occasioned by 
\}xe a'/iprtjsian of tbe particles of the body, which compression 
forces out a portion of its latent caloricf. 
' Hbw is caloric produced hy friction!' 

It is not known /jow friction produces caloric^, but it is pro- 
bibly by the agency of electricity^. 

How is caloric produced iy mixture^ 

When heat is produced by the mixture of two or more sub- 
tances. it is owing to the tliiii p^rt of the nixtnre taking a more 
■did formlli for neither water nor any other fttrid can acquire an 

* We are inifehtcd to LlroJiici- fur ihe discoTcry ih^t calnrie is dlseng^cil 
from atmosphctic sir hy coinhuMioii : it •"!% he who poiiileJ ihi-i out ai a 
general law of nature, " (hil in all canes of cum'iiisliiiii, uiy^cn c<:inbiii<;i 
■iih the eoreihiiitible, during the an of comhiiiijcin." For a further ts- 
planali n of ihia phznomeiiun onsult rlic chapter on eomliuitien. 

t Ai eTaporaiion pmducei fuld, rondcii'aiion alw..y» produce? htat : lliat 
i), caloric U alwayi evolved fcom thoce bodies nhich. have undergnne any 
ik^rce of condensation. In the one caae caluik is abiorbed, in the otkcc 
iii set af liberEy. 
Bv the eoHUion oF Hint and S'eel so much caloric is diienga^cd, that itie 
"■tallic particles which are struck off are aciually melted thereby. This is 
- vi.lcnt, from their being ilviiyi Tound in a jpberieal form. See Note, 
7e «t. 

I Mr. Thoinai Wedgwood has shown, that thli tubjeci hai never yet 
'en explained. He took a piece of common window-^-laai, and held ibe 
!»e of it agaioit the e.lge of a refolvlrij s''''-'''"'e, and ihe part in contact 
ith the ilone hecame red hot and tlirew off hot particlei which fired ^un- 
. iwder. The (tone and the glas* being both incomUu-tibie anhs aners, it 
'naini to he explaned botji caloric was produced. Pliiloiophical Trantac- 

The original iiihabltanli of the N;w World, throudiout the whole ex- 

'lit from Patagonia to Grcen|jiidj|^uj^il fire hy rohhina pieces of harii 
"Old against o; her very dry ouMl^^^^hcinilied )park>, or icindli-d iuto 
Some of the peon^^^^H^^^BCalifornia had the nieihud Ji 



rtinfB kind of piv.,t ^^■^^■■■liii^k plank, and by i 
irfrietion prodiiced iliARueff'cSt. Di^&c.''^ Cyclopacd.:.. 
tuitiHces have uccornig of whoU' tnrcaiii hs^ii:.; been liurnt down, by 
' s kindled fn:ii die vi;>toit friction of llis bigiirhr s against each uthei hy 
—-' .- - - - f 

ded coniiiill Dr. Thom- 

hfinicaHy, the compound \:i% 

lan ihi- hydroeen gas ar.d oxy- 

: that of the simplr tiiixlurf 1 1 
jaral gua \ and ibis latter, lliour.h 
cxpciieiicei a new ctnden&^i^jri 
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increase of density without giving oat a portion of its latent ct 
loric*. 

Tou speak of latent ealBric ; ii there any difference in the nature if 
caloric? • 

No: ve bave reuon to believe that caloric is alvtayf utilfbrai 
in its nature ; but this term is necessary, because there exist in 
all bodies two portions of caloric, very distinct ftorn each otherf. 

HoV) are these tiao portions ofcaJtric distingaiihed? 

The one -is called fffutj/r heat, or _^w caloric j the other laUil 
' heat, or combined caloric %. 



when It corobinct with nariatic acid gat { and this ia lo ronsidenUc, Ail 
bolh ukc a j«&/ rorni. Berthollet. 

* Sulphuric acid and water experience ihis condeniatien by miittiin. 
four parts of the former be mixed with one of ihe Jatter, the mixed fl 
will quickly acquire a rempcrature higher ihan That of boiling w^ter. It 
is neceiMry lobecauiioui in making (hit expenmeni. 

If iron filings and Sulphur be m>ied itito a paste with water, a anlphi 
of iron will be formed, which decompoiEE the water and abtarba oxygen M 
npidly that the mixture takei fire, even ibongh it be buried under the ((touuI. 
EncyclopEdia. 

Mixture does not uniformly produce heat. The mixcureof tome BubiuMI 
produce* an intente cold. But the cause of both effecta is easily czplaiMi 
Whenever suhicances become more condensed by mixture, heat la evoltid) 
when they expand, cold is produced. The m^xture of muriate of lime iii 
ice produces tne greatest device ot cold yet known. 

f How the STime substance may exist in a body in two ilistinct statn,wf 
easily be explained by a piece of common bread which has been dipped !■' 
ter. . This bread will contain two portions of water very distinct { on 
them was in a state of combination, and formed a constituent pair of it 
bread; the other is only inieipoicd between the particles of the bread, sil 
may a^ain be forced~out by pressure. 

X The difference which there is in the effects of caloric, 
in which it exists, may be shown by a variety of rxperimeats, A bar rf 
wrought irah at the h'weit temperatuie we are ever accustomed ia use 't, 
contains a lai^e portion of laitnl caloric { and if it be briskly hammod 
for some time an an anvil, 't wi^^A^g^hot by the action of the cslsrit 
which wa^i In a latent stale ; aj^^^^^^^Uiammerlng Is farced oat aJ 
exhibited in the form of j(B/y^H^^|^^^^|inically combined withtk 
iron, it only tended lo give AH^Vi^fl^^^nH til ity ; but when 
«d to free caloric it operate^^" ' '" . . ■ . 

existed in a latent stale. 1 j_ 

^ If a little sulphuric acicBLnixed with aboitf an ounce i liitrani toi, 
V and the mixlure be poured ?^^^^^^Bnlg|fe, the whijU'Will burst iM 
Dame. This is owing to thcl^^^^^^^^^Kss capacity for nioric llw 
these separate fluids ; consequefflPI^^^^^Hr caoifriBfi^ciiUt^ji 
ted, and produces the inflammatlf-^^^^^^^^^ 

The reverse of thin may be she 
ire. The snow will recelvi 
out being at all sensibly wa 
cally combined, and the Hi 
ihe whole becomes fluid. 




now •ve^alng 
om the A «>iC 
beco m g ^ li j ii 
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H^bat da you mean by fret caloric ? 

I^'ree caloric is the matter of heat disen^ged from Other bodiei, 
or^ if united, not chymically united with them". 

f^hat is latent caloric ? 

Latent caloric is that portion of the matter of heat which makei 
no addition to the temperature of the bodies in which it exist^. 

I^hat s-jiitances contain latent caloric f 

Caloric in a latent state exists in all substances that we are ac- 
quainted withf . 

Do all substances contain the same qaintity of latent caloric f 

No : caloric co^nbinesi with difereat substances in different 
proportions. 

fVhat language do ebymisli male use of lo express the Mfference in 
tins respect ? 

One bodj is said to have a greater capacity for caloric than ano> 
therll- 

It this capacity fir caloric uniformly the same in the tame bodies? 

* Same writers have called the malter of heat when io thii state interfeiid 
.caloric. 

t We owe to Dr. Black the diicorery of latint heat. The train of 
tlwug^t and aeries of experintenti which convinced him of thU f ict majr be 
•CM amply detailed in the preface to hit leciurei, 34 and following pim. 
."Bjr thii discovery we now tee (n hii editor exple^>iel it) heat miictptible 
«f fixalion^f being accumuhied in bodied, and, ai it were, laid by till 
w« haveoccation for i({ and are at certain ofgemni; the iipred u|i heat, a* 
we are certain of getting out of our draweri the iMngi we laid up in ihem." 
^Black'i Lecture!, by Robiflon. He mi^ht have added, thai whfnever 
«Bloricquitpiti latent itate, hawlangioever it mav have l^n do.mant and in- 
active, it always re«umei it) proper qualilicB and character, and affects tha 
thermomcier and the sense of feelina as if ii had never been latent. 

X Caloric pervades all budiei; thii is not the caee with any other lubstanca 
we know uf — not even light. 

Caloric ties hid in every ihing around ui. The Creator ittuw the contin- 
«al need we should have of this substance, and he hai endowed it accordingly 
with the property of taking up its resting-place and ot combining with «// 
natter, however divemilicd may be its nature or properties. Calorie ii a 
■tibataiice whkh we me ever in want of ) it ii therefore deposited on every 
aide, and is .ready for evcrjr eitiirenc^kKai ioi^i and mvliiplied a* afe the 
lirini which bsvc been chosen for tMKHw'"" °^ 'I'' general good, ihejr 
are all wise and beoeficEnt, M fn^^^Me to the end for which (hey 
were designed. 

^ Caloric ■* it penetrates bodies frtaticntlp form^i a chymlcal combinatioik 
with Ihem, asd becomes csseatii^^W^rMt position. This is always iba 
case when a sclid is con vert j^AqHIMaf, or when a liquid pa lies to a 
.gaaeoBs state. But if caloric be^^HHId tu a body when it is in a state 
of satontion, it merely traverses la surllce, and pasaes from it, in the form 
: jif sensible heat, lo somcof the l|Hki biidies. 

I The propriety of thUtermnB^Tnr'hciwn tu a pupil by dipping a lock of 
.araoland a piece of BpOige in water, ■■■■■'•>'• ilirecting him to observe how 
much more water the *wit;e is capable 1 1 kin^ up than the wool. Hence 
VBDge m>j be said tojB|^^^W( cc; '•.'"> tor water than wool hat. 
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Tes : the same bodies have at alt times the same capacity for 
caloric, unless some change takes phci in the ttate* of those bo- 
dies. 

Can you adduce an instance of a change of this kind ? 

When liquid substances become solid, they lose in a great mea- 
sure their capacity for caloric; and, when sotid bodies become 
liquid, their capacity for caloric is proportionately increasedf. 

How does this property of bodies operate? 

Whenever a body has its capacity for odoric thus increased^* 



" The nature of th« corn bi nation of bodies with caloric was fin! pliced in . . 
a clear light b; Dr. BUck. He ditcovered that all matter is subject to ibe 
folluwing law, *'z_ that " ohenever a body change* it* state, it either com- 
. bincB with, or leparates from, caloric." 

This luliject 11 treated with great peripicuitj by Dr. Thomson in tbe - 

firii vol. of hii Syilem of Chymislry, to which I refer those who with to i 

invemif^te it. i 

If mm iaie of ammonia be disaolved in hot water, the temperatare of the ' 
water will be found to be much lowered by the Eolulion of the salt. Wben 

the aalt takes again a >olid form by crygialliaation, it will part with the ' 

caloric which it combined with in the act of solution, and a rise of tempeiv ' 

lure will be tbe coniequence. ' 

If when tbe air is ai ii* we expose to it a quantity of water in a tall , 

g1a«s, with a tbenuometer in Tt and covered, the water gradutlly cook down ' 

to It' without freezing, though to° belnw the frccsin^ point. Things being ' 

Tn~^his liiiiaiion, if the waier be Ehalten, part of it instantly freeies into a ,' 

spongy mats, and the temperature of ihe whole inilanllj' riBe& to the freezing < 

point i to that the water has acquired \a° of caloric m an irsiani. Now i 

whence came these lo* ! Is it not evident that it must come from that part ' 

of the water which was frozen, and consequently that water in the act of • 

freezin givea out caloiic > — Dr. Black. Wjter ,in a solid stale hai lesi ' 

capaeiiy Tot caloric, than it has when in a state of fluidity. ■ 

-f- The freezing of water, and the coolint; of melted lead, may be adduced 

. ai famitinr examples of the former; and the absorption of calorie in the ■ 

welt in uf salt^ will tufliciently exemplify the Utter. By the solution of some ' 

lain water may he deprived of so large a portion of its caloric as to be frozen ' 

in the midst of summer. An account at several cheap and powcrfcl frigorific ' 

mixiuret m^y be seen in the Philoi. Trans, for 17S7, rySS, i?!!;. See ' 

also Waiiun'n Chyniiral Lsi-iyj^i^. iii. i%g. The hfni which it given out ■ 

during llie lilaking of ijuick-b^^^capes from, the water in.ron^equeBce of ' 
its changing from a liquid i^^^Bkoi bv in union with the lime. The 

same elTrct is produced in in^^^^^^^^^'hen the cream changes from a ' 
, fluid to a solid, a consideraj^^^^^^Hkis produced. 

Oxvgemzed muriatic acid^^^^^^^^Br^ at a temperature eomewhat - 
below 4.0°, and at ji" f^irmi^^^^^^^l^^nnimoniacnl gas condcnact int* 
a liquid at— 45*. Dr. Thon^^^H^i77. 

When water is poured uiion^i^^BRer'«d plaster of Paris, in order t« ^ 

form cornice* for rooms, great he^^karoduced by the mixture. This ■• - 

owing to the water givinK out its <^^H^ flu'fity at it becomes solidified e 

the ^^BUft 

wi. — ver cali ric becomes activ^^^^^Kt i whenever it patiet tm»^ 

rerenc* in Ihe capacity i^V^HIPMies hare for caloric, it 
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it requires a larger portion of the matter of heat to raise it to a 
given temperaturei than aqpther body does which has a less ca^ 
pacity for caloric. 

Can you exemplify this curious property of niatter? 

If equal . g j ialitigr, by weight, of water and mercuryi cooled 
down to the same point, be afterwards separately heated to the 
heat of boiling water, the water will be found to have required 
more than three times the quantity of caloric that the mercury did 
to bring it to that temperature*. 

What term is made use of to denote the quantity of caloric thus re^ 
quired P 

The portion of caloric necessary to raise a body to any given 
temperature is called the specific caloric of that bodyf . 

Is there any method of ascertaining the specific caloric of different 
hdieSf and comparing the relative capacity of each for caloric ? 

An instrument called a calorimeter^ is used for this purpose. 
The substances to be tried are heated to the same temperature^ 

owing to one substance having a chymical affinity for caloric superior to that 
if. another. See this tully explained by Mr. Williiim Henry in the fifth 
volume of the Manchester Memoirs. 

* This property may be uhown more readily by the following experiments : 
i— Take i lb. of water at loo^, and mix it wirh i lb. of watei heated to xoo*, 
the mixture will be found to give the exact mean temperature of 150* j but 
lib. of mercury at 100^9 and t lb. of water ai 100^, will produce a heat 
much higher than the mean temperature j which shows that mercuiy has not 
10 great a capacity for caloric as Wdter has ; consequently it raises its tem- 
perature instead of chymically combining with it. 

A metal plunged into an equal weight of water of a higher temperature, 
gains more degrees of thermometnc heat than the water loses ; and this takes 
place, in diffeient proportions, for each species ot metal, fienhollet. 

Whenever two different kinds of substances of different temperatures are 
nixed, the capacity of each for caloric may be known by observing the tem- 
perature of the mixture; for the capacity of each will be in the inverse ratio 
of the change of temperature. But it is necessary, in order to justify this 
talculation, as Fourcroy has remarked, that the bodies themselves should 
not act chymically upon each other ; and it is also necessary to prevent a 
portion of their caloric from being carried off by the vessels in which the ex- 
perinient is made. 

t This term is always used in a compantive kpse, expressive of the relative 
portions of caloric contained in cqnai wcigtMa ^m easures of different bodies 
at the same temperature, or the comMMfJI ^BVntity of caloric which can 
BToduce the same effect. Thi|f» if pftflWufeSloric of mercury be said to 
oei, that of water maybe said tO IP)> ii Aoted in an experiment just 
itlated. ^ -• "' 

X This instrument was first suggested' Mf M. Laplace, and contrived by 
Lavoisier. A drawing of the machine, with an accurate description of it, 
nay (jmb teen in Lavoisier^s Elementfiib Though this instrument be capable 
of meuuring what is failed the sfec^ Aot\c of bodies, no method has yet 
Wn discovered of ascertaining the eUttMme quantity which bodies contain. 
R is therefore uuKUown at what poipt a thermometer would stand, it it were 
fhmged into a substance «l|iv«h d^ivcd of caloric. 
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and then placed in this machine suiiounded with ice*. By ob* 
lerving how oinch ice each of them melt^ in cooling down to a 
given point, the specific caloric which each of them contained is 
determinedf. • 

H^tat do you call the instrument vchicb is in ccmuum uu to wuasure 
the temperature cfhcdies? 

It is caUec a thermometer^. It consists of a glass tube contain- 
ing a portion of orercurr, with a graduated plate annexed to it. 
The tube is hermeticaily sealed, to preserve it from the pressure 
of the atmcspherej. 

Do jGu understand iow a thermometer is affected by the temperature 
ef bodies? 

When a thermometer is brought in contact with any substance, 
the rrercury expands or contracts till it acquires the same tem- 
perature \ and the height at wiiich the mercury then stands in 
the tube, indicates the exact temperature of the substance to 
which it has been ;ipplied||. 

* Ice hat the property of abforbing all the caloric with which it comet m 
contact^ with ut comnraoicatiot; any part ci it to the fcorrouDding bodies 
till the whole of the ice is mcitcd j therefore the cali nc spcafic ot hcdks 
nay eas iy be calculated by its means. 

f Si In.ic Newton talks of boiling water being three times as hot as the 
bleed in the ha man body. He imagined the freezing point to be the real 
zero, beluw whicb there was no heat. Later expehnkcnts have shewn that 
substancts may be cooled many degrees bel^fw the freezing point on Fah^n* 
bat*s scale. At Kjuntschatka the atmosphere has been known to t>e 40 de- 
grees Colder th^n the zero of cur tbermomcteis* 

} The thermometer was invented about tfat beginning of the 17th cento- 
Tf \ hot it was improved, and rendered useful, by ^Ir. Boyle and Sir Isaac 
Mewton. 

Thermometers are made by putting mercury into small glass tubes with 
bulbs, and heaiing the>e bolbs nil the mercury boils. This ebullition ex- 
hausts the tubes of aii, and they are hern-.eticali} scaled whiic the niCrcuiy 
is boiling ; which preserves the vacuum. They are afterwards graduated by 
a correct scale. 

^ For very delicate experiments air thermctr.etcrs are used, in which,. as thr 
air i« expanded or contracted, a coloured liquor is trade to tall cr rise, whiclm 
marks thcdej:reeof exp nsiOB, and consequently the variation ct temperature* 
They are called thermoscop^ 

^ Mercury, though a n|p|l, has so great an attraction for caloric, that it, 
absorb; sufficient to keep i^S a AM mte in theccn^imon heat ot the atmos- 
phere. Owing to this affiaity for- caloric it expands very read.ly by ever]^ i 
addition of the matrei of heil!. It is also equally aficctcd by equal tncre- - 
snents of heat ar every tenr.peratnre between its freeziiig and boiling points* 
Hence it is the mo*t proper subst9nce for thermometers. " ' 

To measure the dc. rees of htar in high ten per^ture, Mr. 1!\ edgwood con^ 
trived a very useful instrument i^^ch he caliCfl a pyrometer, a description o^- 
whicb may be <.ecn in ihe 7id ««|^i.me of the Philosophical Transaction^^ 

rWedg«ood*B death, the method of Oiaking the pieces of clay fJ^^Q 
ntt% has been lost. ■£ 

at*s thermoiiieter is UDivorsallj^iiinl in this kingdom. In it tl>4 
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Will the thermometer shetu the quantity of caloric in all bodies*? 

No : it will not show that portion \^hich is latent, or chymicalh 
combined with any body : for instance} fluids require a certain 
portion of caloric to keep them in a state of fluidity j which por- 
tion is n<4 indicated by the thermometerf • 



range between the freezing and boiling points of water is divided into i8of { 
and as the greatest possible degree ot cold was iupf9std to be that produced 
by mi::ing snow and muriate of soda, that was ii.ade the %ero\ thus the 
freezing point became 31^, and the boiling point iii^. 

The ccntigi ade thermometer ot France places the zero at the freezing poinr, 
and divides the range betwten it and the boiling point into 100^. Ihis has 
long been used in Sweden under the name of Celsiuses thermometer* 

Keaumur^s thermometei, which was formerly used in France, divides the 
ip-Ace between 'the freezing and boiling of water into 80**, and places the 
zero, 'like the centigrade thermometer, at the freezing point. 

De Lisle^s theimumeter is used m Russia. The graduation begins at the 
boil ng point, and inciea^^es towards the freezing point. ' The boiling point 
is marked o, and the freezing puint 150^^. 

In VVedgwood^'i pyrometer the zeio corresponds with 1077^ of Fahren- 
heit's, each degree of wh:ch ib equal to 130^ uf Fahrenheit. 

For a meth'd of reducing the degre« of one thermometer to the scale of 
another, conaul' Dr. Duncai-^s Elements of Pharmacy; cr Lavoisier's Ele- 
ments of Chymistry, p. 560, fouith edition. See a table of tempei aturet, 
according to the diffeieni thermometers, at the e:id of this volume, which vt^ll 
enable a person to torm a toierable idea of the difference there is in the 
scales of each. 

* The piopeity which we call the temperature of bodies does not show the 
measure cf iheir caloric, hut merely the degree of dilatation, which the 
caloric they conta n in -a disengaged statt is capable of producing in the 
substance of >yhich the thermometers are formed. 

1* Every substance requires it* own quantify of caloric to raise it to a 
given temperature J but when raised to that' tempeiature, t\tty further 
addition of caloric i^ precisely shown by the theimometer. 

If a quantity of snow be placed in a bason before a fire, and a thermome- 
ter be plunged in it, the thermometer will stind at 32* *. if the thermometer 
be removed, and the snow sufTereil to remain before the fite sometime longer, 
and then tried by the thermometer, it will still indicate the same tempera- 
ture, though It has all along been receiving an accession of caloric ; but the 
tooment that the snow is all melted the thermometer will beein to rise. 

In like manner, suppose a piece of ice cooled 20^ below the freezing 
point t^exposed to a hot fire with a thermometer stuck init ^ the thermo- 
meter vM rise very uniformly till it comes to the freezing point 32®, and 
there makes a full stop till the i6e is all liquefied, as though tne fire had lost 
its faculty of heating : but the moment that all the ice is melted the thermo- 
meter will begin to rise again, and will continue to rise gradually till the 
wattf betomes heated to aiz*, the boiling point. These ^periments show 
th^tbe heat which snow and ice receive while melting is necessary to give 
tStm fluidity, though it does not increase their temperature; and that ice con- 
IBS much les> absolute caloric than water at the same temperature. Were 
is not the case, all cold countries would be subject to dreadful inundations ; 
whenever the atmosphere became warmer than 32^ the ice and snow 
would be melted in an instant, and the sudden deluge of water would sweep 
d6wn everjr^thin^g before. it» It is pleasing to observe how carefi*' 
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Is the thefmometer of no use in ascertaining the temperature of 

fimds? 

Yes : fluids operate upon the thermometer in the same man- 
ner as solids : for, whatever free caloric be contained in any li- 
quid, that portion is accurately shown by the thermometer*. 

What do you call that portion of caloric which is a necessary part 
rffluidsP 

It is called the caloric of fluidity : but difibrent fluids require 
different portiotis of it to preserve them in the state of fluid^. 

What are the effects of caloric upon bodies ? 

The general effects of caloric are to increase the bulk of the 



great Author of nature hath been in providii|g for every exigency. T* 
this go6dnea8 every clime and every season bear tesdmony. 

The tokens of his friendly care 
Open, and crown, and close the year. 

. ^ Nature is uniform in all her results ; for, if vre plunge a thermome- 
fer ever so often into boiling water, it will always stand at the same point, 
provided the pressure of the atmosphere be the same. Melting snow will 
always show the same degree upon the thermometer, in whatever state the 
atmosphere may be* 

" In tubes of glass mercurial columns rise 
Or sink, obedient to th* incumbent skies $ 
Or, as they touch the figured scale, repeat 
The nice gradations of circumfluent heat.*' 

Darwin. 

f This may be made evident by the following easy experiments :— If four 
parts of sulphuric acid and one part of ice, both at the temperatue of 31®, be 
mixed together, the ice melts instantly, and the temperature of the mixture 
rises to 2iz^, the heat of boil^g water. But if four parts of ice and one 
of the same kind of acid at 32^ ft mixed, the temperature sinks to about — ^4.^.3 
In x\it first of these experiments, as the ice and acid combine, they become 
more dense than their mean density \ consequently, they bothlgive out a part 
of their caloric of fluidity, and retain only the caloric of fluidity which is 
necessary for the new compound. In the other case, the ice, assuming a li- 
quid form, requires a large dose of caloric to give it fluidity \ and the sudden 
fall of the thermometer is owing to the suddenness with which A ice ab- 
sorbs the caloric from the acid, and which it requires before it can take a 
liquid form. See note to question 3, of chap. iv. 

Bishop Watson has remarked, that nitrous ac-id mixed with sno^ nuaUr^ 
excites a very great degree of heat, but when mixed with sno'w prod 
greatest cold that has ever yet been observed. (Cliym. Essayi^ vol. iii*' 
These effects arise fiom the sames cause as the foregoing. 

According to Dr. Irvine, the caloric of fluidity of ^ 

Water is - - - 140' . 
Spermaceti - - • i^j 

Bees wax ... 175 




Tin - - * .- 50^ 
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substances with which it unites, and to render them specifically 

lighter than they were before*. 

What are the particular effects of caloric on bodies? * 

It favours the solution of sal^sf , and promotes the union of 

many substances^:. In other cases it serves to separate bodies al- 



* In order to be convinced that solids increase in bulk by combination with 
caloric, procure a piece of iron wire, of an exact length, to slip within a 
ring, or within some metallic box; then if the wire be heated it will be 
found increased in length so as not to pass through the ring or box. 

From the experiments of Genera) Roy, in the 75th volume of the Philoso- 
phical Transactions, it appears that the expansion of a steel pendulum of a 
clock is such, that every four degrees of the thermometer wrll cause a varit- 
tion of a second per day ; and that the difference between the going of a 
clock in summer and winter will be about six seconds per day, or one minate 
in ten days, owing to the metallic pendulum varying in length with every 
change of temperature. A knowledge of this circumstance gave rise to 
Harrison*8 selt-regulating time-piece, which by the different expansion of 
different metals, accommodates its movements to every change of season or 
climate. 

The expansion which heat gives to liquids may he shown by that of the 
spirits in a spirit thermometer; or fill a Florence flask with water to about 
the middle of the neck, mark the place to which it rises, and then imnnerte 
it in boiling water, when it will be seen to expand in the glass till it nearly 
runs over the neck of the flask. • 

The effect of heat on atmospheric air may be shown by tying up the neck 
of a bladder containing only a small quantity of air, and then brmging the 
bladder near a fire, where the air will become rarefied and swell the bladder 
to its full size. ^ 

The converse of this (viz. that the denser bodies are, the less caloric they 
contain,) may be shown thus :— Add one measure of water to four measures 
of sulphuric acid, and the temperature will rise to 300^, which is 88* above 
boiling water. If the mixture be now measured it will be Cound to measure 
less than it did; consequently it must have become much' denser than the 
medium of the two separate liquors. 

If 18 measures of water be mixed with 4 measures of sulphuric acid, only 
a9 measures of mixture will be produced instead of 32. 

The best collection of facts respecting the expansion of wood by heat, will 
be found in a memoir by Dr. Rittenhouse, in the Transactions of the Ame- 
rican Philosophical Society. 

Some bodies are much more dilatable by heat than others. Iron is more 
dilatable tban wood, and wood is more dilatable than a stone, Of the 
metals, platina dilates the least, and lead and zinc the most, by increase of 
tenperature. 

f Put two ounces of sulphate of soda fGlauber*s salt), in powder, into a 
tea-cop of cold water, the water will dissolve only a portion of it ; but if 
lieat \it applied, the whole' m\\\ be dissolved. If the liquor be left to cool, 
the salt will Be seen to shoot intor«||ptta]8. This little experiment will have 
its use as ad example of crystallization. 

J Sulphur and mercury may be mixed; but if caloric be added, they 
combine so intimately as to form vermilion. Charcoal peems to have no 
attraction forwos^ygen in the atmospheric temperature, but if heated it unites 
to it with great eagerness. 









v:: 



72 citoRie: C&^. SJl^ 

ready united* ; so that in the hands of chymists it is the moot 
useful and powerful agent we are acquainted withf • 

Can you recollect any other ^ect that caloric has upon Mies ? 

It is the cause of fluidity in all substances which are capable of 
beedcning fluidf) from the heaviest noetal to the lightest gas$. 

How does caloric act upon hard bodies to convert them into fluids ? 

It insinuates itself among their particles, and separates them 
from each other ||. "{"hus ice is converted into water) and by a 
further portion of caloric into steamf • 

* This 18 the case in distillation, whereby tl\e most subtile parts of a com- 
pound body are dissolved by caloric, and separated from the mass in the state 
of gas or vapour. Every kind of distillation may be performed in a com- 
nion retort, with common receivers attached to it. For strong heats, Wedg- 
wood^s retorts are much pieferable to glass. 

Caloric promotes the decomposition of l|odie& also by reason of its coun- 
teracting the attraction of cohesion which exists in all |bodies. 

f For a fuller explanation of the operation of caloric in chymical prp- 
cesses, consult the article repulsion in chapter xiii* 

Mr. Watt mentions a strung analogy between solution znd fusion: thus^ 
ice and soda have no more action on each other than soda and jsilex ; but 
raise the temperature of the ice, and it unites to the soda. A sufficient 
increase of temperature will unite the silex also to the soda. 

Potash and silex if mixed have nonaction on each other; but if submitted 
to a great heat the potash meltsf and attracts the sil«x, which melts with k 
into a substance that may be dissolved in water. 

It is owing to the effect of caloric in promoting solutions, that sea water 
in the torrid cone contains more salt than sea water in the temperate and 
frigid zones. 

X Let it be remembered that all fluids are formed from solids by an ad- 
dition of caloric; and that, by abstracting this caloric, solids would be 
reproduced. 

§ For an account of the expansion of gaseous bodies by heat, see a detail 
of Mr. Dalton's experiments in the 5th volume of the Manchester Memoirs, 
p. 595; and in several papers in Nicholson''s Journal. For ^ method of 
estimating the changes of volume m gases, consult Mr. Davy*s memoir in 
the Journals of the Royal Institution. 

The expansion of volatile bodies by heat may be shown by the following 
experiment ; Put a little ether into a small retort, tie a bladder to the beak 
of it, and hold the retort over a lamp. The ether will quickly boil, and 
the gas which arises from it will soon occupy the bladder and distend it to its 
full size. If the bladder be then held in water, the gas will be condensed 
by the loss of its heaty and the bladder will collapse. In order for this ex- 
periment to succeed, it is necessary previously to warm the bladder to 80 or 
9c degrees, to prevent the gas from being condensed in the first instancy. 

H Owing to thi^ general effect of caloric upon bodies, it has been consid- 
ered as the only agent in insensible repulsion. 4 It has been called tht^repulsi^e 
potver^ which constantly acts in opposition to the power of attraction, or 
chymical affinity. 

^ Though the temperature of steam be no more than that of boiling water, 
or ziz^, yet it has been dt^monstrated by some very ingenious experiments^ 

Mr. Watt, that it contains near 1000^ more caloric; which keeps it in: 
form of steam. Here the caloric must be in a state of chymical com'* 
ttion with the water, or it would be indicated by the thermometer. 



Tou say the sun is the great source of caloric: bow is calorie trans'^ 
mtttedfrom the sun to us f 

Caloric is transcnitted to us accompanied with light; both 
which substances are perpetually thrown ofl^from the sun with 
astonishing velocity, in every direction*. 

If caloric passes nmth such velocity, bow is it retained by those sub* 
etances which recwoe itf 

It is retained by the affinity which it has for those bodiesf • 

What do you mean by cbymical affinity f 

It 18 owing to this principle (viz. the necessity of a large quantity of calorie 
being combined with fluids, to convert them into vapour or gas,) tha* pro* 
lose perspiration is so cooling to labouring men, and that all evaporation 
produces cold. A person might be frozen to death in summer by being re* 
pea ted I y sprinkled with ether* 

In Spain this principle is so well understood, that every family is provided 
^th an utensil for oooling water or wine by evaporation* It is merely s 
piece of very porous earthenware, which they fili with the water; and as k 
small qvantity is perpetually ooziiig through every part of the vessel, a con« 
•tant evaporation from the outside is kept up, which cools the water within* 
The vessels are called acarrazas. 

'< In India and China the wealthy have their rooms open on all sides, the 
roof being supported on pillars, and the intervals hung with curtains. Ser- 
irants without doors scatter water on these curtains continually ^ its evapora- 
tion absorbs a vast deal of heat, and makes the apartmenis cool and lefiesh- 
bg.** Dr. Black. 

■^ Since the discoveries of Dt, Herschel, we have reason to think that the 
son f s an opaque body, probably a habitable world j and that the light and 
heat we receive from it are owing to an atmosphere which it has, of elasrie 
fluids of a phosphoric nature, by the decomposition of which, light and heat 
areevolved. (Philosophical Transactions 1801, 265.) Aristotle conjectured 
that the sun was not a body of fire. Pursuits of Literature, ad edition^ p9it 
if. p. 96* 

*' Hail to that orb, from whrose rich fountain flow 
Beams that illume and glad the word below I 
Unseen by thee, had Nature mourned ; 
No smile her ^thiop cheek adorned j 
Paie Night had spread her spectred reign. 
And death-like horror ruKd the scene.** Dr. WalCCTX. 

See an innresting paper on the nature and construction of the sun anit 
•fixed stars, in Philosoph*cal Transactions for 1794. 

When chymists require the most intense heat, it is procured by collecting^ 
4e 80n*t rays by means of a double convex lens, or a conCave mii ror. 
This way of administering heat is particularly useful in operations on thr 
gases. ' 

f An caloric (like light) moves at the rate of aoo,ooo miles in a second^ 
it never could be accumulated in any body, were tt not retained by its aji» 
mty for that body. But for this retarding force, it would pass through th^ 
lody with the rapidity of lightning, and leave not a trace behind it. 

The rays of the sun seeni to afford heat^ only when they meet with ati 
epaqui svostauce, and not when they pass through » transparent one, ai «^ 

10 
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Hie disposition or tendency which one substance hat to unite 
teith another substance*. 

Is the chymical affinity of bodies for Miotic in gemn^ very strong t 

No : it is one of the weakest of all known uffinitietf. 

How does this appear ? 

From the facility with which heated bodies part witli their ca« 
loric to all surrounding bodies^. 

or water ; or when they are refliected by a white or q^ltshed-onie The air 
18 npt heated immediately by the rays of the sun paifsing through it ; but on' 
their meeting with an opaque body» a^ the earth for instance^ heat is elicit^dy 
and is thence gradually communicate to the surrpunding atmosphere,; 
Qpnce, the further wjc remove from the earth^s surface, th^ greater is th(f 
degree of cold. Dr. Skrimshire^s Chyniical Essays.. 

The Swiss peasants, when they want to sow their seedSf spread black cloths 
on the surface of the snow, to absorb the suii*s rays and facilitate its mek- 

i9g. 

* Before a youth can havp any accurate i^^ of chymical attraction, the 
nature of philosophical attraction should be explained to hioi, by n\pans of 
a iii9gnet»n4 ir^n filings ; by globules of water, of mercury, j^c. 

Ilast thou not seeik two pearls of dew 
The ros(B*s velvet leaf adorn ; 
How eager their attraction, gre^^ 
As ociM?er to capb oUwr borne ? 

Geo. Hay Drvmmond»« 

tt would be difRcnlt to explain th^ nature of chymical a^nity to a chtl^i 
without assisting his conception by experiments. Some of the plaine;^, 
^nd which may be performed by a parent without difficulty, may be seen in 
Additional Notes, No* xi. 

f It is worthy of remark, that this was wisely and kindly ordered by the 
Creator \ for, owi'igto this, organized bodies have no difficulty in separating, 
a sufficient quantity of caloric from the substances around them, and of 
securing to themselves the quantity necessary for their wants. It is obvious 
how dreadful would have been the consequences, if caloric had had as strong 
an affinity For bodies, as some simple substances have for each other. A 
small deviation from the present order of things would probabjy occasion 
infinite mischief. 

<< Let no presuming impious railer tax 
Creative wisdom, as if aught was made 
, In vain, or not for admirable ends*** THOMSONit 

<< dy soii^e curious experiments Mr. John Hunter discovered that the 
living principle in fish, in vegetables, and even in eggs and seeds, posfiesses 
a power of resisting congelation," (Darwin). It appears that these must' 
have some peculiar attraction for caloric. 

• X The facility with which caloric passes from one body to another n)9y be 
dwing to the repulsion which is known to exist among the particles of calo- 
ric. This repulsion g:ives it a tendency to fly off* in every direction. 
^ "^t Rumford has asserted, that fluids are non-conductors of heat ; but 

^r urrayof Ed.nburgh has dennonstraied t^e contrary by experiments 

ipers in Nicholson*s JourttS|l| vol. i. 8vo« i65-»'Ml« 



Is this umvef sally the €ast f .'> 

Tes : it seems to be one of the laws of natOFe» that heated bo» 
dies should give out part of their free caloric to the neighbour* 
\x^ bodies at a lower temperaturei till the whole become of att 
equal degree of temperature*. 

The motion of caloric through bodies it of two kinds : through somt 
bodies it moves with the tame rapidity as through free space. Through 
other bodies it moves with a remarkably slow motion. In the Hist case it 
is said to be transmitted through the body, in the latter condutted through it* 
SfceDr. Thoinson*s paper on the motion of calonc, vol. i. 310. 

* Some bodies give out their superabundant caloric much sooner thsA 
•tkrra. Iron is % quicker conductor of caloric than glass, and glass is a 
better conductor than wood. Hence the use of wooden bandies to roetaiiio 
tea-pots and other utensils. 

I take a piece of iron in one hand, and a piece of wood in the other ; tht 
iron feels coid> the wood warmer, though the thermometer shows that their 
temperature is the same. How is this? The iion has a stronger athnitjT 
for caloric than wood, and conducts it from the hand much swifter thaa 
fte wood, and hence gives me a more lively sense of cold. 

Some of the earths are very slow conductors uf heat. Sand is eminently 
So. << The red hot balls, employed by the garrison at Gibraltar to destroy 
the Spanish floating batteries, were carried from the furnaces to the bastions 
in nvooden barrows with only a layei of sand interposed $ and this was found 
Slifficienc to prevent the balls, though in a high state of incandescence, froni 
setting fire to the wood.** filioch. 

ihie necessity of one body tiemg endowed with a greater power to conduct 
cMoric than another^ is appaient in many instances; but perhaps the natur^ \ 
of snow in this respeCt renders us a more important service than any othet 
i^bstance. Owing to the distance of this globe from the sun» and to thd 
Vast mountains of ice at the poles, the atmosphere over a large portion o^ 
the earth is at times reduced to so low a temperature, that, were it not for a 
Wise provision of nature, all vegetable life must be destroyed. 

Caloric has always a tendency to equilibrium} therefore, if the teihpe^ 
rature of the air be lowered, the earth cools in proportion 1 but, when tho 
atmosphere is reduced to 32^, the water which it held in solution becomes 
frozen, and precipitates in the form of snow upon the earth { which it covers 
as with a carpet, and thereby prevents the escape of that caloric Which if 
accessary for the preservation of those families of vegetables which depen^ 
upon it for their support and maturity. Be the air ever so coid (and in tb^ 
ikMthernmost parts of the Russian empire it is sometimes 70 degrees belovv 
the freezing point) the ground, thus covered, is seldom reduced beiow 32^, 
but is maintained equably at the temperature for the purpose above mention- 
ed. How multiplied are the means which Nature has adopted for thtf pre- 
servation of all her productions! 

The constant tendency of caloric to the state of equilibrium is very clearly 
e:<pressed by Mr. John Thomson of Edinburgh. << When a mercurial 
thermometer/* says he, ** is immersed in water, the caloric of the water 
oiskes an effort td diffuse itself through the nicrcury, antl the caloric of the 
iMrcUf'y makes an effort to diffuse itself through the watei . If the tendencies 
to expand he equal inthese two quantities of caloric, both quantities will lemain 
at rest. But when the tendencies to expansion are unequal, the caloiic is 
inrpelled from the substance where it had existed in the state of the greatest 
tensi&tfi iiito the substance v^here it had existed in the state of the least ten- 
sion, When this happens^ the degree'of th(S dilatation or Contraction of th^ 
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ing of ereater specific gravity^ actually becomes increised in bulk, and 
its specinc gravity continues tu ieffeu as it cools. 

Count Rumford noticed this fact some years ago in one of his early essays. 
His remarks, if I mistake not, are accompanied with some ingenious calca- 
Jations, tu which 1 refer the reader. Sir C. Blagden Jias, from actual ob- 
servations, made a table of the specific gravity of water of different tempent* 
•inres between 30 and 40 degrees. 

40 1000.54 bulk. 

37 1000.55 

36 . 1000. 56 

35 1000.58 

34 1000.60 

33 1000.63 11 

31— 1 000 . 66 

31 1000.70 

30 1000.74 

Since these experiments, Mr. Dalton has discovered that the expansion pf 
water is the same for any number of degrees above or below the maximum of 
density. Therefore the density of water at 32^ and at 53^ is precisely the 
tame. The bulk of water at 5" is equal to the SMne bulk of water at 8o*« 
Manchester Memoirs, vol. v. 374. 

It seems from the^ experimtnts, that water becomes of less specific gra- 
vity, whether it be heated above 42^, 5 or cooled below 42^.5 $ a fact top 
astonishing ever to have been discovered or imagined a priori. The wisdom 
and goodness of the GREAT artificer of the vvorld in this arrangement 
mast evidently appear, if we consider what would have been the consequences 
JiS;. water been subject to the general law, and, like other finidsy bad become 
specitii ally heavier bv the loss of its caloric. In winter, when the atmot« 
phere became reduced to 31^, the water on the surface of our rivers would 
treeze and sink to the bottom $ another sheet of vrater would freeze im- 
mediately, and sink alsoj the ultimate consequence of which would be^ 
that the beds of our rivers would become repositories of immense masses 
of icCf which no subsequent summer could unbind; and the world would 
fbertty be converted into a. frozen chaos. How admirable the wisdom, how 
skilfol the contrivance, that, by subjecting water to a law contrary to whit 
is observed by other fluids, the water as it freezes becomes specifically 
lighter, and swims upon the surface, to perform an important service by w«- 
ssrving a vast body of caloric in the subjaetnt water from the effects ot the 
surrounding cold } and to be ready to receive its own accustomed quantity 
Bpon the first change of the atmosphere I 

' These reflections, perhaps, vrill not be thought to be misplaeedy shonhl 
they bot afford 

One ray of light in this terrene abode. 

To prove to man the goodness of his Godb DARWilty 
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OF Water. 



tvltATan ibe iJ^ffirentHMf in i»hh^ ivtOfft i9nst^ 1^ 

Water is known in. three states; either solifi, BnUff ot% 
vapour*, 
ITiieh (f thi thm k the mn sithpk atti nm^mUned sti^ ^ 

Thatofioe. 

if^htd ion^Hmhi the d^ftnnei hetivem kt and vmter f 
Wat6f cibMftim a targ^ portion of eitefHe^ wUek keeps it in k 
iShtte of fltiidityf . 

* It may bt Femarked^ that moat ef the ftubataiKet with which we aie 
qia^iAinted are capable pt exiating- jftthde thfae diiieifeiit states, according to 
the )»ort tons of oatoric with which they mrt.oombiDc^ 4 

f Ice af 3»^inuat absorb ^40^ of ealoric beiore it can become fluid} or 
•ifch a quantity as would raise a body of water of equal bulk with itself 
lirom yifi to \f%^. This may; be made very evident. to » youth who has beea 
taught the ust of atbermofneter^ by the Sofiowing directions : 

** Take any quantity by weight of i4e •t sti^w at \%^i and mix it with an 
ei^ual weight ef water heated exactly to ^^^. . The snow instantly meltSi 
.and the temperature of the mixture is still only at tbtrty'tavo degrees^ Heie 
the water is cooled 14qP| while th4 temperature ef the snow is not increased 
at all i 80 that 140^ of caloric have disappeared. They must have combined 
with the snow ; but they have only melted it, without increasing its tem- 
perature. Hence, it follows irresistifblyj that ice, when converted into water, 
absorbs and combines with 140^ degrees of caloric. 

Water then, after being cooled down to 32^, cannot freeze till it has part- 
ed with 140^ of caloric ; and ice, after being heated to 32^ (which is the 
exact freezing point), cannot melt till it has absorbed X40O more of caloric* ^ 
This is the cause of the extreme slowness of these operations. There can be { 
no doubt, then, but that water owes its fluidity to the caloric which it con- ' 
tains, and that its caloric of fluidity is 140^.** Thomson^s Chymistry, 
vol. i. 365. 

The advantages which vre derive from the slowness of these operationtij 
and the inconveniencies we should have sufiered, had it been otherwise, are ; 
numerous and obvious* See Notes page 69 and 75-6. ] 
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Vapour is water, coaabtoed with ao addiim of IMO degre» 
6f caloric*. 
* What art the pre^erthi ef vapour ? 

Vapour, owing to the b<*ge qnaatity of caloric which is coa»» 
biaed mth it, takes a gaseous forai, accpiiret great expsmsive 
foreef, and a capaUltty of supporting emroBoiiftweightsf; whence 



^.Hovtever long^ wc boil a flatd* in an open TtMcI, wt ctnnot make it ii| 
the smallest degree hotter than its boilin|r |>oint« When arrived at thi^ 
point, the vapour absorbs the heat, and cames it off as fiist as tc is generated. 
See Note, page4S: also Additional Notes, No. iii. 

Those who h^vc an air pump may e.isily see that water requires a vast 
portion of caloric to c mvert it into steam ; for, if a cup of bt w;iter he put 
tmder the receiver, andthe pump be set to work, the wnter will toon be^iv 
to boil furiously, and the receiver will be covered with vapour. If tlw 
receiver be now taken oflF, the water will be found barely lukewarm, owing 
to tlM vapour having carried oiF tbe greattrst part of its beat. Water, ia 
being converted into vapour, combines with more than five times the quantity 
of caloric that is required to bring ice-coll water to a boiling hnt, and oc- 
tqpies a space 800 times greater than it does when in the form oi water. 

'Owing to the quantity of caloric thit liquids require to convert thens into 
vapour, all evaporation produces cold. It has been remarked before^ thit 
as aniaial nvght be frozen to deith in the midst of summer, by sprinkling 
edier upon him repeatedly. Irs evaporation would shortly carry off th* 
s^ole of his vital heat. Water thrown upon a fire acts in the same way % 
if becomes, in an instant, converted into vapour, and thos deprives the ma* 
Iffials of all the heat they contain. 

f The expansive force of steam is found by experiment to^nnich greater 
tian that of gunpowder. 

'Some volcanic eruptions and earthquakes, it is supposed, owe their terrthto 
cflkcts to this power of steam ; the water of the sea finding its way to snlitfr- 
UneodB fires. See an account of the dreadful effects of the earthquake at 
l&taniSf in the Notes to M^ame^de Oenlis'*s Tales of the Castle, vol. iW 

in boiling oil, the workfhm'are very carefitl to prevent any water cominf 
near itj for a single drop coming among it would instantly, by the cxcessiw 
best of the oil, be converted into vapour, and would force part of the oil ow 
tie sides of the boiler. 

^ft.is owing to this expansive force of steam that the well-known motiott 
hlwater, b^ boiling, is produced. The vapour is first formed at the bot« 
t^ of the vessel, and, passing through the water, causes the motion in it 
ivhich we call ebullition. 

{The invention of the steam-en orine was a vast acquisition to the aits* 
There is reason to believe that, in time, steam may be applied to many use* 
fol purposes, of which at present we have no idea. In America- vsestis 90$ 
a||rc^d J .navigated by steam. 

*^ Soon shall thy arm, untonqoerM steam! afar 
Drag the slow barge, or drive the rapid car. 
Or on wide waving wings expanded bear 
ITbc flying chariot thiough the fields of atr**^ 
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it has become an useful and powerful agent for raising water from 
d^ep pits, and for other importadt purposes*. 

If water a simple or a compound substance ? 

Water was formerly thought to be a simple element, but it i^^ 
inow found to be a compoundf • 

JFha is water composed of? 

Water is compost of two solid substances, united and render* 
ed fluid by caloric^. 

What substances enter into the composition of water ? 

Oxygen and hydrogen $ in the proportion! of 85 parts by 
weight of oxygen, and 15 of hydrogenf. 

The steam-enginey approtching to the namre of a perpetuum mohiUf or 
rither an animal, is incapable of last^tufie; it procures for us coals; it 
works metals \ moves macbines ; and ia certainly the noblest drudge that 
was ever employed by the hand of art. Thus we << put a hook in the nose 
of the leviathani play with him as with a child; and take him for a ser- 
vant for ever:** thus we subdue nature, and derive aid from the elements of 
mrthquakes. Analytical Review. 

The ateam-engini is brought to such perfection, that one bushel of coals 
Will raise 6,ooo hogsheads of water ttn feet high, and do the work of ten 
horses. Where there is no waste of steam, this work may be performed 
cfutiuually with the consumption of only one bushel of coals per hour^ 
Some of the engine chambers in London are now fitted up with great tastej^ 
«nd are kept with the utmost neatness ; in which you may spend hours witli« 
out being annoyed by the escape of the most mmute portion of steam. Set 
a more particular account of the uses of the steam-engine inDarwin^s Nbtet 
to his Botanic Garden. 

* Steam is now employed in a vast variety of wa]rl in the different mann* 
factories of this kingdom. It is used with great economy of fuel in the. 
dye-house of Mr. Desange, in Wheeler -street, Spitat- fields. Messrs. Gott 
and Co. of Leeds, boil 30 large coppers by the steam of one boiler. It is 
employed elsewhere in drying malt, linen, coffee, paper, &c. Dr. Black 
remarks, that steam is the most faithful carrier of heat that can be con*' 
ceived, as it will deposit it only on such bodies as are colder than 211^. 

f This was di^^covered by Mr. C.vendish, in the year 1781. Dr. Priest- 
ley had previously combined the two gases by combustion j but Mr^ Caven* 
dish was the first who drew the proper conclusion from his experiment. 
The benefit which the world has deriv^ from the labours and communicationa 
of kuch men is incalculable. ** Nature,** says an elegant French wiiter^ 
*< in order to unite mankind by a reciprocal communication of knowledge^ 
has given to each indivi-^ual his particular ignorance; and has placed 
science as a common stock to render us necessary and interesting to each 
other." 

t From a passage in VirgiPs Georgics, lib. ii. 315^' one would be temp- 
ted to believe that the ancient chymistt^ or £gypt had discovered the compo« 
sition of water. See Darwin*s Botanic Gaiden, book i. 136. 

§ Both these terms are derived from the Greek language ; the former 
signifies to generate acids t the latter, to generate ^water, 

II Hydrogen appears capable of uniting wiih oxygen only in one propor- 
tion, and <waUr is the result of the composition 

^ Of all the known substances, there is not any of which an equal weight 
can combing with so Urge a portion of oxygen^ coreringat the same time its 
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How is it Inown that water is a compound substance ? 

Several methods have been contrived by chymists whereby wa* 
ter may be decomposed, and the exact proportion of its consti- 
tuent parts ascertained^. 

Do you know any of the methods of decomposing water ? 

Yes : it is done by passing it through a tube over red hot char* 
coalfi or by passing repeated electrical shocks through it|. 

Does nature decompose water in any of her operations ? 

Yes : water is decomposed by every living vegetable, by a se*- 
cret operation peculiar to itself $. It combines the hydrogen 
with the ca/bon of the atmosphere and of the soil» to form oil||» 



characteristic properties, as hydrogen ; but losing also all those iivhich charac- 
terize itstU : — it requires only 15 of hydrogen to saturate nearly 85 pait> of 
oxygen to this point. Bertholitt. 

As water does not peimit any property of oxygen or hydiogen to be per- 
eeived^ it may be concluded tb^i these twu substances are combined at the 
point at which the reciprocal affinity exercises the greatest effect ; and that 
they are in a state which may be compared w th that of a neutral salt, io 
which the acid and alkaline properties have equally become latent. 

Bert hoi let. 

* A history of the discovery of the composition and decornposition of wa- 
ttr, with the curious facts relating thereto, may be seen detailed in a pleas- 
ing and perspicuous manner, by Mr. John Thomson, id his valuable Notes 
on Fourcroy, vol. i. 237, &c. 

•f- " Water cannot be decomposed without a combustibli body/* or the 
agency of electricity or Galvanism, <* as the hvdrogen requires a • cry large 
duse of caloric to put it in a gaseous state. This appears iroin the lighrresg 
•f hydrogen gas compared with water A cubic foot of water weighs 6i{ 
pounds, whereas a cubic foot of hydrogen gas weighs only 61 grains. This 
accounts for the great heat which all bodies cor.taining hydiogen (such as 
•ils, bitumens, and coals) give out in burning.** Fourcroy.— See Addi-^ 
tional Notes, No. xiii. 

{ One of the common modes of decomposing water is by the Galvani<» 
Mle. The method of con tructing this in^rument, and the mode of apply* 
mg it to this purp^^se, may be seen in Mri Hcnry*s excellent Epitome oi 
Chymistry, page 33. 

Some Fiench aeionauts decoiTipo*«ed water by the Galvanic pile at an 
elevation of near three thousand metres from the earth. Phil. Mag. vol* 
xix. 374. 

The decomposition of water by electricity or Galvanism, which produces 
an intense heat, neems tt> prove that there is a degree of temperature at 
which water cannot exist, but in which it is reduced to its two elelements 
Berthollet. — See Additional Notes, No. xv. ^ 

Water is often partially decomposed by being kept for a long time in ca^^lcst 
especially on long voyages. The oxygen combines with the wood, and the 
disengaged hydrogen impaits the disagreeable taste and smell which are ob- 
serv^ble in such water. If the cask be charred on the inside, it will not. 
.operate in this way. 

§ See pag:e 80. 

y It should always be recollected that the oil found in vegetables is pro* 
duced by this ^'or^jj of vegetation. The oilS| bitumens;^ &Ci in mineis^Jg, 
must all have had a vegetable origin. 

11 



wax*; resiti) &c«; and throws off the oxygen by its leaves; 

Kiiling infectious dampR, and the spent air 
Storing afresh with elefnentnl lite. 'THOMSON. 

Can you recapitulate what you have learnt of the nature ofoxyg£n\ P 
Yes : oxygen is the basis of vital air, as well as one of the con- 
stituent parts of water : it is the chief support of life and heat ; 
and performs an important part in most of the changes which take 
place in the mineral^ vegetable, and animal kingdoms :{:• 
What is hydrogen, the other constituent part of water ? 

* In Loui: iana and Pennsylvania, the myriea is cultvated solely for the 
tjoax which ii produces. In China, vegetable wax is extracted from plants 
by mactrarion in boiling water, and employed in the manufactuie of candles. 

Bees" 'wax is d<.ubtle8s a vegetable product. The bceR extract it unalter- 
ed ttom the ieaves of trees and other ve^getables. They seem, bowever, to 
mix it with some of the pollen of flowers. The comb which these insects form 
■ with the wax, is a collection of hexagonal cells doMly fitted t&each other. 
It m*y he remarked that no other geometrical figure could have been chosen 
for rhtm, that would have been equally capacous, without any loss of 
room; so that the operation oi Infinite wisdom is apparent even in tbe 
impression of th^t instinct whereby these little animals are directed to fabri- 
cate their cells in that particular form »nd in no other. 

\ Nattire, in econo;nizing the primary materials of the universe, has con« 
stituted oxygen the basis both of the atnoosphere which surrounds tbe earth, 
and of the water which ftrms its seas ami oceans. We see in this and 
other instances, by what simple means the most beneficial effects have been 
produced. ' 

'* For mark bow oxygen with azote g^as 
Plays round the globe in one aerial masSy 
Or, fused with hydrogen in ceaseless flow, 
Forms the wide waves which foam' and roll below." darwin^. 

J Some idea may be formed of the imp-rrance of oxygen by attending to 
the analysis which Lavoisier made of the materials necessary for ferment-' 
ing ICO pounds of sugar* 

lbs. 

Water 400 Oxygen of the water 

Su^,ar 100 Ditto of the sugar 

Yeast 10 Ditto of the yeasft 

Hydrogen of the water 
Ditto of the sugar 
Ditto of the yeast 

Carbon of the sugar 
Ditto of the yeast 

Nurogen in the yeast 

510 o 

It appears from the above analysis that more than four- fifths of the whole- 
is oxygen : See a further account oi oxygen in chap. x. 
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Hydrogen is the base of the gas which was formerly called 
inflammable air*. 

Has any method been discovered of composing water by a mixture 
rf oxygen and hydrogen ? 

Yes : there are several ways of doing thisf ; so that the com- 
position of water is ascertained beyond all doubt^. 

Do you know any of the methods which have been employed to form 
water by a mtMture if its constituent parts? 

* Owing to the levity of hydrogen gas, it has generally been used to fill 
air balloons. The following is the shot test way of procuring it: Put 
a quantity of iron filings into a vessel which has a gl'SS tube adapted to it^ 
tfien pour upon the filings sulphuric acid diluted with 6 or 8 times its quan* 
tity of water: an effervescence will immediately ake place $ tlie water will 
b? decomposed) the oxygen of it will become united to the metai, and the 
hydrogen gas will be disengaged,, and may be cunveyeu by the glass tube 
into any proper receiver. Remember, hydrogen gas can be procured in no 
way but by the decomposition of water. See a further account uf hydiogen 
and its compounds in chapter xi. 

f Dr. Priestley seems to have been the first person who formed water from 
the ga>es in this country. 

The following method of effecting the composition of water is given by 
Mr. Henry in his Epitome:—*' Procure a glass globe capable of holding 3 
or 4 quarts, and having two openings op}>osite to each other, which may be 
drawn out for a short distance like the neck of a retort. Inflame a small 
Stream of hydrogen gas, and introduce it into the centre ol the giube. The 
rarefied and vitiated a;r will ascend through the upper aperture of the 
globe, and a constant supply of fresh atmospheric air will be furnished from 
beneath. By this combustion a quantity of water will be generated, which 
Will be condensed on the inner surface of the vessel.** 

• An ingenious and simple apparatus for the re-compositi^n of water has 
been invented by Mr. Cuthbcrtson. A drawing and description of it may 
be seen in Nicholson^s Journal, i. 235, 4to. 

I The decomposition of water and its subsequent re-formation may be 
shown by the following easy experiment : Mix gradually four ounces of wa« 
ter with one ounce of sul^phuric acid in a large phial, to which add a few iron 
filings. The temperature of the mixtute will be so much raised by the 
union of the water with the acid, as to enable the iron to decompose a part 
of the water. If a hole be neatly made through a cork which fits the mouth 
of the phial, and a piece of tobacco-pipe with a very small orifice be fitted 
into It, and the whole cemented into the phial with a mixture of rcbin and 
bees* wax, the hydrogen gas as it is separated from the water will pass in a 
continued stream through the p pe, .^nd may be set on fire by the flame of a 
candle brought in contact with it. The gas will continue to burn with a blue 
lambent fiame, as long as the decompohition goes on. This shows that the. 
gas is really hydrogen, and that it arises from the decomposition of thewater« 

That water may be re-formed by the combustion .of this gas, may be 
shown by holding a glass bell over it while burning. The gas as it burng 
unites with the oxygen of the atirospheic, and the union of the two gases 
produces water, which will soon be seen to deposit itself like dew on the 
inside of the glass. It is advipaeble to fold a cloth round the bottle to pre- 
vent any injury from the fragments of glass, in c^se of an explosion, which 
somet.mes will happen during this experiment, if atmospheric air b^ ^''^*- 
in the phial. 
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Yes : if a mixture of oxygen and hydrogen gases, in proper 
proportion, be tired, the infitammation will unite the bases of 
the two gases, without separating'the whole of their caloric, and 
water will be the product*. 

// there any reason to suppose that water is thus formed in any of 
the great operations of nature ? 

Yes : claps of thunder appear to be owing to a sudden com- 
bustionf of hydrogen gas and vital air ; for these aerial explosions 
are often succeeded by an immediate torrent of rain;}:. 

Hwu is the atmosphere furnished with this hydrogen gas ? 

Hydrogen being a component part of vegetables, it is given 
out in great abundance during their putrefaction, and forming a 
light gas it passes through the surrounding atmosphere without 
mixing with it§. 

Whott is the specific gravity of water ^ 



* In Lavoisier^s Elementi^ of Chymistry, a copper plate print of an ex- 
cellent apparatus for cumpusin water may be seen, with a full and satisfac- 
toiy aescript on of the methud of making u^e of it. 

M. Biot has succeeded m forming water from hydrogen and oxygen, by 
iompres^iott only, independently of the electric spaik. Tht compression, by . 
brmgin ihe particies of gas into intimate union, makes them throw out heat 
sufficient to set them on Hie; and the product of the combustion is ijuater. 

It here occurs, (hat the affinity of hydrogen for oxygen may be exempli-.^ 
fied by the large portion uf oxygen which A\ combustible bodies containing 
much hydrogen require in combustion; affording water as the pioduct* 
Thus, one pound of highly rectified spirits of wine on being burnt will 
produce more than itb own weight of water. See Additional Notes, No. xvi» 

f This combustion is probably occasioned by lightning. 

X The auroia borealis is probably owmg to the existence of a stratum of 
hydrogen gas in the higher regions of the atmosphere, whicli being lighter 
than atmospheric air would keep that situation till ignited by electricity. 
Th^ vulgar have had strange conceits about this curious phsenomenon of 
nature. 

'' Not so the man of philosophic eye 

And inspect sage ; the waving brightness he 

Curious surveys, inquisitive to know 

The causes and materials (vet unfix'd) 

Of this appearance beautiful and new.*** Thomson. 

§ Hydrogen gas is only one thirteenth of the weight of atmospheric air, 
and occupies a space fifteen hundred times greater than it possessed in its 
aqueous coihhination. 

The ignis fatuus, or will-o-wisp, it is supposed, has its origin from this 
decomposition of decayed vegetables. 

Thus heat evolved from some fermenting mass 

Expands the kindling atonrs into gas. darwin. 

Dr. Shaw, in his Travels in Palestine, has given a curious account of an 
Tgnis fatuus which they observed there. See Shaw's Travels. 
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A wine pint measure of water weighs one pound*, a cubic foot 
of water weighs about 1000 ounces, or 62 ' lbs. avoi/'dupois. It 
is 816 times heavier than atmospheric airf. 

What change does water undergo in order to be converted into ice f 
- When the cold atmosphere has deprived water of its caloric 
pf fluidity, crystallization takes place, and it becomes icej:. 

What do you mean by crystallization ? 

By crystallization is understood the concretion of certain sub- 
stances into regular forms, occasioned by the loss of a portion of 
their caloric. 

To nuhcU substances is the term usually applied? 

The term is generally applied to bodies of the saline kind, and 



* It is necessary for the student to bear in mind the specific gravity of 
wateiy becaube it is alwayb made unity in the measure of the specific gravity 
of every other substance. 

f This estimate ib agreeably to the last experiments made by Sir George 
Shuckburgh, when the barometer is at 30 inches^ and the. thermometer be- 
tween 50** and 6o'. 

{ Water m freezing crystallizes in filaments which are uniformly joined 
at an angle of 60 decrees. 

It has been said that water may be purified from the putridity which may ^, 
be contained in it by freezing \ and that in such water the portion which S 
freezes is pure, while that which remains fluid is cuntammated with noxious 
matter. Dr. Lamb on Constitutional Diseases. 

It is owing to the expansion of water in freezing that rocks and trees are 
often split during intense fronts. According to the calculations ot the 
Florentine academicians, a spherule of water, only one inch in diameter, 
expands with a turce in freezing superior to the resistance of 13! tons weight. 
Phil. Mag. vol. vii. 69. 

This properly of water is taken advantage of in splitting slate. At Colly 
Western the slate is dug from the quarries in large blocks^ which are 
placed in an opposite direction to what they had in the quarry, and the rain 
It allowed to fall upon them ; it penetrates the fissures of the slate, and the 
first sharp fiost freezes the water, which, expanding with its usual forcei, 
splits the slate into thin layers. 

It was necessary for the preservation of the world, that water should in 
this instance be subjected to a law different from that of other subftances 
which change from fluid to solid. For an account of this important devi- 
ation from a general law of nature, see Note Chap. 4th, page 76. 

It may be remarked, that though fresh water freezes when reduced to the 
temperature of 32^, sea water does not freeze till cooled down to 28.5^. Was 
Bot this designed by nature to keep the ocean open at all seasons, that there 
night be no impediment to that general intercourse among nations which 
tends so m^ch to promote their civilization and refinement? 

For this the ship, in floating balance held, 
.By earth attracted and by seas repeird ; 
Diiects her devious track through climes unknown^ 
7bat leads to every shore and every zone. 

Falconeb:* 
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to their separation, in regular and peculiar figures, from tht v a- 
ter in which they were dissolved*. 

JTou have said that water is composed of ifvo solid substances i d» 
yot$ thence imagine that it is naturally solid 't 

Yes : for underneath the poles ^vater is eternally solid ; it is 
similar to the hardest rocksf, and may be formed by the chisel 
of the statuary, like stone:}:. 

* Cryttall'Zdtion is a kind of precipitation which the salt as it separates 
from the solvent assumes pecuiar deicrminaie form^. Mr. Snuthson has 
•hown that crystal lizarion cannot take piace while solution suhsists, and 
that thd only requisite for this operation is a frredom ut mutton in the 
masses which rend to unite. Phil. Fians. for 1803, page 27. 

\ Fheie happen cracks at ceirain times in the ice mountain of Switzerland, 
vrh'ch have shown the great thickness of the ice; some of ihe^e ciacks have 
measure* 1 300 or 400 ells detp. Near Hudson^s Bay there are islands ot ice 
which a:e immersed above 100 fathom? beneath liie suiiace of the sea, and 
which measurt* ihree or four milts in ciicuiiifcrence. Phil. Trims. 

*' There can be no doubt but that the quantity of ice at the noith pole 
is the principal source ot the coldness ot our winters, and that it is biought 
hither by the regions of air blowing from the north.** Dr. Dai win. 

Where, for relentless months, continual ni^ht 
Holds o'er the glittering waste her starry reign. 

Thomson. 

The ice at each pole of the earth forms an immense cupola, the arch of 
which extends some thousand miles over the continents; the thickress of 
which is several hundred feet beyond the 6oth degtee of latitude. Navi^a* 
tors have assigned to detached masses, which are met with floaiing at bea, 
an elevation o7 from 1500 to i8oc feet, bee £llis*8 Voyage to hudson's 
Bay. 

T here can be no doubt but that the tl.ickness of these cupolas of ice is 
much greatei nearer the poles ; foi astronomy sometimes presents in the 
heavens so vast an image of theni, that the rotundity of the earth seems to 
be considerably affected thereby. Captain Cook could never approach 
nearer the south pole, where there is no land, than the 7cth degree of lati- 
tude; that is, nc nearer than 1500 miles; though he had coastect round it 
for a whole summer; and it was only under favour of a bay that he was 
permitied to advance even so far. St. Pierre's Studies,, vol. i. 129— 132. 

From a late mtmoir by Mons. Perron, there is reason 10 btlieve that 
these mountains of ice at the poles, v^hich have hitherto impeded the pro- 
gress of European navigators, have been detached from the depths of the 
sea to float at the surface. All the icsults of observations made by him and 
other navigators concur in proving that the temperature of the sea decreases 
according to the depth ; and th^t the deepest gulfs of the sea are continually 
covered with ice, even under the equator* A translation of this interesting 
memoir ma} be found in the 2i8t volume of the Philosophical A'Jagazine. 

I <* It is related that at the whimsical mairiage of Prince Gallitzm, in 1739, 
the Russians applied ice to the same purposes as stone. A house consisting 
of two apartments was built with large blocks of ice ; the fumituie cf the 
rutms, even the'nuptial bed, was made with ice; and the icy cannon, winch 
were £red in honour of the day, pei formed their cflRce n.oie than once with* 
out bursting/* Bishop Vi^aison.-— bee Additional Notes, No. xvii« 
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Is this gremt soliditj of the ice at the poles^ owiftg to its being froT^en 
in such large masses? 

No : it is o\¥ing to its being so much divested of caloric*; 
for in very cold countries ice may be ground so fine as to be 
Uown away by the wind, and will still be ice. 

Is ice the only instande of water existing in a state of solidity ? 

No: water b^o.nes still more solid in mortars and ce nents^ 
having parted with more of its caloric in that combination than 
it does in the act of freezingf . 

tf^bat other instancer are there of water taking a solid form ? 

Water is combined in a state of solidity in marble, in crystalsy 
m spars, in gems, and in all alkaline an 1 eartliy salts ; to all of 
which substances it imparts hardness, and to most of them trans* 
parencyij:. 

lo the most northern part of the RiisRian territory, the cold is sometimes 
sufficient to freeze mercury. Ft is so intense in some seadons th:it tiie poor 
inhabitants cannot venture out of their miserable huts but at the hazard of 
their lives* 

There, through the prison of unbounded wilds, 

Ba^rM by the hand of Nature from escape. 

Wide roams the Russian exile. Nought around 

Strikes his sad eye, bui deserts lost in snow. 

And heavy- loaded groves, and solid floods. 

That stretch athwart the solitary vast 

Their icy horrors to the frozen main. THOMSON. 

* We need not look for any cause for the conversion of water mto ice, 
Ihit the loss of its caloric; the situation or the season of the year has no 
bfluence; for '* in the Grotto uf Besan9on, water is frozen during the heati 
of summer. In his sini^ular place the v iriation of the thermometer bctweea 
winter and summer is very inconsiderable.** Madame de Genlis* 

Though water be converted to ice by the lots of ctloric, there is reasoa 
10 suppose that ice, notwithstand'n,^, contains more caloric than was dii- 
engaged between the state of vapour and that of congelation. See Bertbol- 
]|Kt*s Statics, vol. i. 134. 

I have been informed by some intelligent workers in iron and steel, that 
they have great difRculty in maicing tools hard enough to cut ice in ver}' cM 
winters $ and that in such seasons the workmen are under the necessity or 
having them very frequently repaired. 

\ Though water takes a sulid form in its various combinations, such aa 
with lime, saline crystals, &c. we know of no method of compressmg ic 
when in a fluid state. The Florentine academicians filled a globe of gold 
perfectly full of water, and submitted it to a very powerful press; but 
coold not perceive that they were able to make it occupy less space than 
it did at first. They gave it such a degree of pressure, that at length the 
water exuded through the pores of the metal. 

X Most stones and salts lose their solidity and transparency by being de* 
prived even of a part only of the water which they cont tined, and generslly 
fecoroe pulverulent. It is by a combination with water that the ga&>es are 
Kndered liquid substances, and that some liquids acquire the propeity of 
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Tf^haf are the general and more obvious advantages which we de* 
rive from water? 

Water is a necessary beverage for man and other animals; 13 
perpetually used as a solvent * for a great variety of solid bodiesf ; 
acts an important part in conveying nourishment to the vegetable 
world, and giving salubrity to the atmospherical regions^*, and 
lastly, by its accuinulation in the ocean§, afF)rds a ready com- 
munication with distant countries ; — the whole of which evident- 
ly teaches how provident the great Author of nature has been 
in his attentions to the comforts and conveniencies^ as well as to the 
wants of his numerous creatures. 



becoming fixed. This may be satisfactorily shown by boiling a few copper 
filings in concentrated sulphuric acid, with a small ptrtion of ni^r-c acid, 
till thi copper is dissolved ; then adding water, and leaving the mixture to 
cool t^radually; when beautiful crystals of blue vitriol will be fuund, as 
^ardas bome minerals. It is the water which gives them their solidity \ 

" That chief ingredient in Heaven^s various works, 
Whose flexile geniu'^ sparkles in the gem, 
G:ow8 firm in o^k, and fugitive in wine/* Armstrong* 

If water be thrown on quick-lime, it will be retained by it with such force 
that nothing less than an int«.-nse r^</heat will separate it. In its combination 
with lime it becomes much more solid than when in the state of ice, which. 
' maybe proved by direct experiment. Calcined plaster of Paiis, in a pul- 
verulent state, becomes quickly solid by mixing it with water. Saussure 
has proved that alumine* when mixed with water, retains a tenth of its 
weight of that fluid at a heat which will melt iron. 

* It should be remembered^ that all bodies which are soluble in water* 
form, during their solution, a chymical combination with the water, and 
cannot be separated therefrom by any mechanical meansi. This is not the 
case with aqueous mixtures. 

f Water is not only employed as a solvent for many solid substances, 
but has impoitant uses .in a variety of compounds. Btsi(ie> imparting so- 
lidity to the classes of salts,- it gives energy to the action of many of the 
Bcids, and is even necessary in their formation. Muriatic acid gas and nitre us 
acid gas are condensed so as to form muriatic and nitric acid only by its 
means. 

X See Note, Chap. ii. page 8o. 

§ Some late experiments of Mr. Harrop^s, related in the fifth volume of the 
Fhilosophical-'Journa], render it probable that the ocean and other large bo- 
dies of water may have been designed by nature as reservoirs for supplying 
an increasea population wit)^ the oxygen necessary for its consumption, and 
for producing a regular renovation of the atmosphere. The immense 
quantities of marine productions found at very great heights above the pre- 
sent level of the tea, seem to indicate«that there has been a prodigious reces- 
sion of the ocean. While water was conceived to be a simple and indes- 
tructible substance, innumerable conjectures were afloat as to the chanrcis 
which hafi been found for «ucb an immense body of water. The new 
chymical doctrines have aflToided us a ciue by which to unravel this niysiery^ 
and fresh motives for admiring the exquisite contrivance of the great Author 
of ail things. 
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-That mighty hand 



That, ever busy» wh;:el8 the vilent spheres, 

Works in the secret deep, shoois, steaming^ thence 

The fair profusion that o^rspreads the spring. Thomson. 

See this subject further investigated in the Additional Notes, No. xviii. 

I cannot resist making an extract frum NIrs. Charlotte Smith*s Ohserva* 
iSons on the Ocean : 

*< There are people who affect to think, nothing but the human character 
deserves their study, and pass over the great works of God as unworthy the 
trouble of contemplating. But I wonder any being who affects taste wuuld 
venture to assert that this immense body of water presents only s^imcness and 
monotony. To me it seems, that even the colouis and rounds are Tttle iesa 
wied than those we see or hear in the midst of the most luxuriant land« 
iCftpe, 
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Ah ! wherefore do the incurious say> 
That this stupendous ocean wide 
No change presents from day to day. 
Save only the alternate tide ? 
Show them, its bounteous breast bestows 
On myriads life ; and bid them see 
In every wave that circling flows. 
Beauty, and use, and harmony. 
Works of the Power Supreme who poured the flood 
Round the green peopled earth, and called it good. 



CHAPTER V. 



OF EARTHS. 



ff^HAT are the principal characters of an earth f 

The earths in general have little or no taste ; are incombusti- 
Ue and unalterable in the fire ; unsusceptible of decomposition*^ 

• Baron Bom is of opinion that all the earthu are metallic oxidei. ^^'■- 
«n»y thinks that we arc on the point of obtaining the dccompoai^®*^ •* *"**•• 
'bodies. 
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insoluble in water, when combined with carbonic acid% or near- 
ly 10, and of a specific ^vity not greater thaa five tiones that of 
watt rf . 

How many distinct earths are there ? 

There are nine earths known at present, viz, silex, ahuninet 
i^ircone, glucine, and yttria— which are insoluble; and barytes, 
strontian, lime, and magnesia — which are the four soluble or al- 
kaime earths^. 

Why are some of these earths called alkaline earths ? 

Barytes, strontian, and lime$ are called alkaline because tbey 
agree with alkalies in taste, causticity, solubility in water, and in 
their eflfect on vegetable colours. Magnesia agrees with the 
alkalies in the latter property only. 

What is the nature ofsilen ; and what are its chirf properties ? 



* Bergman classes all substances with the earths which require more than 
one thousand parts of water for their solution. 

f Mr. Hume» of Long- Acre, who has given various public proofs of his 
coriect knowledge on chymical subjects* has conceived a most singular and 
novel opinion respecting one of these earths, namely, Silex, Reasoning from 
numberless facts and striking analogies, which every where occur, as well 
as from several experiments, he is led to conclude, that pure rock cr Yo- 
st al is neither more nor less than oxygen deprived of all the caloric re- 
quisite to give it the gaseous form. As his professional duties, I know, 
do not allow him time to persevere in the necessary investigation of a sub* 
ject of such importance, I have persuaded him to permit me publicly to an- 
nounce it, that others may prosecute the inquiiy. 

J To a cuisory obieiver the earths appear to he infinitely diversified ; m 
much so, that he would probably think the different kinds are innomerable. 
Ho>^ver, notwithstandmg the varied appearance of the earth under our feet, 
of that of the furrows of the ficJ^ and of the mountainous parts of the 
world, who^e diversified strata prejR to oar view substances of every texture 
and of every shade, the whole .is cooipQBed- of only nine primitive earths^ 
and as three of these occur but seldom, the variety which is produced by. 
the other six becomes the more remaikable. This may fairly be adduced at 
one instance of the infinite skdl of the Dt ity, as it ** bespeaks an artist mas- 
ter of his work, acquaimtedwitb 'his materials/' 

To give a still gi eater variety to the works of Nature, these earths arc 
endowed with an affinity for acids and metallic oxides, whence armtthe 
spars, gems, and precious stones of every colour and every species. 

" The unfruitful rock itself, impregn*d by thee. 
In dark retirement forms theiucid stone.*^ 

Thomsoiv* 

f These three eartfc^ afV: found in nature always combinfd with acid|9« 
JJ'^ne of these combinations are very hard ; either of them may be scratched 
w ih a knife. The acids which are found combined by Nature with these 
alkaiihe eaithft afc thr«artH)nic» Aiesulpfaiiric, the fluoric, the boracic> and 
4^ phMpkorie. 
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Silex*, or pure fltnt, is insoluble in waterf, and in every acid 
except the Stioric; it endures the strongest heat without altera- 
tion j: ; but, when mixed with soda or potash, becomes fusible in 
a strong fire, and forms glass. Its specific gravity is ^2.65, 

In- what state is silex found native ? 
. Silex,' or siliceous earth, is found' in quartz^ in rock crystal^ 
gravely sand^ and most of the precious stones^ It is also the chief 
ingredient of those stones which seem to constitute the basis of 
the globe. 

What are the chief uses of si/ex P 

Silex is the most durable article in the state of gravel for the 
formation of roads; is a necessary ingredient in earthen*ware| 

* Should' ^iPV tUex be wanted tor chymical experiment, it may be pro- 
ceed by fuxing quartzoso stones with three or four time« their weight of 
pitashy dittsuiving ti|e product in water, and then taking up the alkali by 
theadditiun of an acid, which will precipitate the silex which is to be washed 
for use. The siliceous stones should be pi eviously heated red in a crucible, 
and plunged in that state mto cold vvater. This will render them brittle, 
fti that tliey may easily be reduced to powder before they are mixed with the 
potashk 

i» Though. it is said water will nott dissolve silex, Nature dissolves it in 
water' by pr-ocesses unknown to us. l'hu» stalactites and- other incrusta- 
tions are formed. In Iceland there is a boiling fountain which si>cuts wa- 
ter 90 feet in the air, and deposits in falling so great a quantity of siliceous 
c^ith that it foims around its base a sort of solid cup, which surmounts and 
cwelops It. 

X Accoiding to Saussure, quartz may be fused by a heat equal to 40.43^ 
fli^Wiiedgwoods but thi^ i* a temperature ao far above any heat that can be 
^ocured by common means, that 1 have not thougtn- it necessary to alter 
die. text. 

Sand sets into. a less bulk when wet, and does not afterwards contract by 
iKac. This property may be taken advantage of in constructing fur- 
naces, &c. 

f . Mr. Kirwan in his Geological Essays, relates that about the year 1760 
the emperor of-Germany, being desirous to know the length of time necessary 
tft complete a petrifaction, obtained leave from the Sultan to take up and- 
examine one of the timbers that supported Tra}an*8 bridge over the Danube^ 
Ipme miles below Belgrade. The outer part of this timber to the depth of 
half an inch was found to be converted to an agate ; the inner parts were 
ijigk^y petrified ; and the central were still wood. The agate is a piecious 
Hmh composed of silex and alumine, but chiefly silex. 

Agate is brought 10 us from Germany in blocks. It is cut by means of 
Aamond powder into leaves^ for making ca|>s for the pivots of mariners* 
needles to run in, and other purposes. Might it not be used advantageous- 
ly for the balances of watches, instead of iron, which is liable to vary by 
vagnetic influence and other causes ? 

Silex also constitutes two thirds uf the asbestus, so valued by the ancients 
fior wrapping up the bodies of the dead before they were committed to the 
fsneral pile. They discovered methods of drawing the Hbres ot the miner- 
ll into thread, and afterwards weaving it into cloth. In consequence ot its 
incombustibility, it preserved the ashes of the bodyfrom mixing wih those 
oflbe wood upon which it was laid to be burnt. The practice was piobably 
conflned, however, to the families of the opulent. So late as the yean 70.*^' 
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porcelain^ and cements ; is the basis of glass*) and other vitre* 
ous substances f; and is an indispensable article in many of our 
c)iymical furnaces and utensils. 

ffhat is the use of' si/ex in glass-making? 

Silex is the basis of glass. It is rendered fusible by a due mix- 
ture of alkali, which acts as a flux to the silpx, and renders the 
whole transparent^. 

j^re these the only articles necessary to form glass? 

In Holland, and some other parts of Europe, glass is manure- 

a funeral urn was discovered at Rome, in which were a scull and other re* 
mains of a human body, wiapped in a cloth of amianthus or flexible asbestut. 
The whole was deposited in the Vatican library. 

This mineral might be mani)iactured into paper \ and, for documents of 
great mportance, ti might perhaps be worth while to be at the expense of 
preparing this incombustible paper,' and of writing upon it wjth indelible ink. 
The methods of making it into paper 01 cloth, and of preparing proper ink 
for writing upon it, may be seen in Dr. Rees^s Cyclopaedia. Tht mineral 
is found in Corsica $ in the isle A Elba j in Sweden $ and in Cornwall and 
the isle of Anglesea, in England. 

Tiie CKinese form furnaces with this mineral. They grind it, mix k 
up with some kind of mucilage, and introduce it into moulds, the form and 
polish of which it assumes. These furnaces are very portable, am: indes- 
tructible by fire. What kind of mucila: e they employ is not known $ bat 
it IS saitS that the mucilage of gum adragantb answers this purpose com- 
pletely. 

^ In order to satisfy the pupil that silex or flint may actually be fused, 
and that it will, with a proper combination, form glass, take i part of pure 
fine ^Wwt sandy and 3 parts of potasb \ mix then well. together, so as to 
form a paste ^ then fuse them in a crucible in a strong iire, and transpaient 
good glass v^ill be the product. 

It would be a neater experiment to fuse it by a blowpipe \ an instrument 
which the student should be taught to use. The best dissertation ou the 
blowpipe will be found in Bergman^s Chymicai Essays. 

The manufacture ^f glass w.is known very early ; but glafs perfectly 
transparent was reckoned so valuable, that Nero is said to have given 50,000/. 
for two glass cupt> with handles. When the excavations were made in the 
arcient city of Pompeii, which was buried by an eruption of Vesuvius 
A. D. 79. the windows of some of the houses weie found glazed with a 
thick kind of glass, nrt tiansp^rent. In others isinglass was substituted. 
Split into thin plates. Mibs Starke^s Lettervfrum Italy. 

The best book on glass-making, which I have seen, is an octavo volume, 
by H. Blancourt, with plates, 1699. But a scientific wcrk, iatel) pubhsh- 
ed in Paris by Loyzel, entitled **Essai su: TArt de iaVerrerie," hy I believe, 
the best modern work on this r.uhject. It gives a detailed account of the 
diiferent piocesees in this manufacture, and treats of each chynncally. 

\ I w. uld recommend to the perusal of the young reader, Fourcioy*s ac- 
couut of the various uses of silex, in vol. ii. of his System of Chymihtry, 
page 190. It is beautifully written, and cannot fail to interest and instruct 
the pui'il. 

X Glass cannot be made without great heat, as the alkali will not liquefy 
noi part with its caibonic acid and water of composition without a high ttm- 
perature; ar.d it is one of the laws of nature, (to vbh>cl> thtie are Kw ex- 
ceptions) that, in order that two bodies may become chjmicaliy united, one.. 
'them must be in a state of fluidity. 
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tured with alkali and sand only; but in England, flint-glass is 
made by a roixture of red lead* with those substances, which 
gives the glass great weight, and makes it more useful for all 
common purposes. 

What are the chief properties of tdumine? 

Alumine, or pure clay, is soft to the touch; adhesive to the 
tongue; emits a peculiar odour when moistened; forms a paste 
with water; will unite with most acidsf ; and acquires great 
hardness, and contracts in the firef . Its specific gravity is 2. 

In 'what state is alumine found native ? 

This earth acquired its name from its being the basis of alum$; 
it is also the basis of the clays^ ; it is found in a state of crystal- 
lization in the sapphire, and is united to the oxides of iron in the 
ochres ; and forms also a part of most of the oriental gems. 

What are the chief uses to which alumine has been applied ? 

* Metallic oxides have the property of making glass more fusihle. The 
oiide of lead is serviceable in this way when mixed with glass. Plate and 
crown glass contain no lead. 

The common bottle-glass is made with a large portion of the ashes of 
vegetables, or soap-boilers* waste ashes, instead of pure alkali. The por- 
tion of iron which is generally found m vegetable substances gives it the 
green colour. 

For tae best flint-glass rather more alkali is used than is necessary to flux 
the sand; and, when the whole is in fusion, the fire is continued so as to 
volatilize the superabundant quantity. If an extra quantity of alkali be 
left in the gla^s, it will attract water from the atmusphere, ^nd in a shorr 
time assume a fluid state. This matter was by the old chymists called the 
Jiqitvr offiini. 

I Professor Seigling, having left a bottle of liquor silicum undisturbed eight 
ytars, found transparent rock crystal formtd in it hard enough to give^re 
with steel. Parkinson.— See an account of a similar result in Nichol8on*8 
Joomal, vol. i, 217. 

-f Alumine is soluble in every acid, and in solutions of the caustic fxed 
alkalies. 

% Alumine is completely fusible per se into a very hard vitreous kind of 
substance, hard enough to engrave with upon glass. But sufficient heat 
cannot be procured to effect this fusion without oxygen gask Saussure found 
that it required 18.900^ of Wedgwood to fuse it: but when mixed viath 
certain proportions of silex and lime, it fuses readily. 

% Pure alumine may be procured by decomposing common alum with car- 
bonate of ammonia. It has not been found native in a state of purity any 
where except at Halle in Germany. 

I Common clay is a mixture of alumine and silex. It frequently contains 
metallic oxides, chalk, and other earths. Alumine united to the oxides of 
iron is gotten in great plenty in Staffordshire and Derbyshire j in which 
state It is called raddle, an article veiy useful in colour-making. FulIer^s 
earth is alumine combined with very fine silex. It is owing to the affinity 
which alumine has for greasy substances, that this article is so usctul in 
scouring cloth. Hence pipe-ciay is frequently used for the san.e purpose. 
Alumine combined with carbon forms that peculiar combustible substanr» 
called amtbracite. 
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AluminQ Is employed for yar-k>us purpeseQs on, accoun o t$ 
;)ptitude for moulding*' into different formsf, su^4 'it» pro; ny of 
bardeoing tQ th^ fire \ such as for makiii^g bskks^ earthe* ware^i 
porcelain^, crucibles, &c. Its uses are so various! and impor- 
tant, that we cannot conceive bpw man CQuid' have, altamed his 
pr^eiit d^gr^e of civili^qrioo, il this eaicth had W)t. b«Qn given 
hin(i in abundance by Nature. 

Zf altun'tne employed in forming any chymu:al cmbinaiions ?■ 
Aluminoo^ earth, ia employed by the dyer a^d Uue calJco-priHf^ 
ter, as a mordant for fixing vAri.o.i^ coloi^s ;, and upo.n the con- 
tineat it is artificially qoaibijied; with. sulphiu?ic a<E:id^ ia osdtt to 
fofin aJiuo3i(§it 



* Stone waft,. accorcNng. ta the Old Testament^ was. known at an early 
period to the Jews. The making of porcelain has long betn known in China 
and Japan ; but it was accidentally discovered in Europe by a chytnist, in 
the beginning of the i8th centui y. It was bo esteemed by the Romans, that, 
after the taking of Alexandria, a porcelain vessel was the only part of the 
spoil retained by Augustus. Dr. Thomson, vol. ii. z%b, 

f Aiumine is of inestimable value for securing the bottoms and aides of 
tvnals and reservoirs of water, and composes in a. great measure those tena- 
cious earths called arable soils, 

X The beautiful colours which are seen upon porcelain, are given by me- 
tallic oxides. Purple la given by gold.; red,, by the oxide of iron.; yellow.*^ 
by the oxide of silver; greep, by copper ; blue, by cobalt ; and violet, by.' 
manganese. 

^ In France, alum is made artificially. Chaptal, who has done so much 
to propagate chymical knowhdge, has embarked h large capital in this trade*. 
H« has erected immense buildings, both for making ahim and for preparing 
the sulphuric acid. See Annales de Cliimie, tome iii* Repertory ot Art», 
vol. ii. 134. 

In England it is not necessary to form alum by art, as the alum-slate is. 
found in great abundance. It is gotten on the sea coast of the north-east 
part of Yorkshire, from Whitby to Stockton, a distance of about 50 miles. 
It is generally foundin the midst of the rock. That which lies at a consi- 
derable depth is generally considered to be the best. The slate, when gotten, 
is broken to pieces by the aid of fire, or by exposure to the air. When the 
efEoiescence has taken place, it is put into lixiviating vessels for the extrac- 
tion of the salt. The saline liquor is then boiled down to the proper strength 
for crystallization ; previous to which is added a portion of alkali, to saturate 
the superabundant acid, and to favour the crystallization, indeed, alum 
cannot be made without a portion of ammonia or potash, as it is a triple salt. 
All alum is either a sulphate of alumine and potash, or a sulphate of alu- 
m'ine and ammonia. Urine is generally used in Scotland. 

Tht first English alum-work was established at Gisborough in Yorkshire, 
in the reign of Queen Elizabeth, by Sir Thomas Chaloner, who eng;aged 
workmen from the Pope*s alum-works to superintend it \ and kept those 
workmen till his manufacture was bi ought to. perfection, notwithstanding 
the bulls and anathemas which his Holiness issued in abundance against, 
him. Beckmann*8 History of Inventions, vol. i. 316. 

One of the most ancient manufactures of alum was at Roche, a city pf 
Syria \ whence the name of Roche-alum, 
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Why do potters emplay a mixture of the alumine and srlex in making 
eartheit'Ware? 

In making earthen-^irare a due proportion of both these earths 
is necessary 9 for, if aluoiine alone were used, the ware could 
not be sufficiently burnt without cracking and shrinking very 
much; whereas, if too much silex were used, it would be brittle 
and want tenacity*. 

What constitutes the difference between earthen'-ware and porcelain F 

Porcelain is not esteemed good unless it be very compact, very 
white, and semi-transparent; whereas earthen- ware is opaquef. 
It is the semi-transparency of china:^ which constitutes the prin- 
dpad difierence between that and earthen«ware$. 

• For making pottery, or earthen-warf, the alumine is beaten in water; 
bf which the fine partt are su<tpended in the fluid, while the coarter sink to 
me bottom of the vessel. The thick liquid is further purified by passing it 
through hair and lawn sieves o^ different fineness; after this, the liquid is 
nixed with another liquor of about the same density, consisting of ground 
fintt. The mixture is then dried in a kiln, and .»fter being beaten to a pro- 
per consistence becomes fit for being formed at the wheei into dishes, plates, 
Dowls, &c. When the ware has been exposed to heit for a certain lime, it is 
glaied, oris made to undergo -i partial vitrification ar the surface, without 
which it would be pervious to fluids. Ordinary pottery is glazed with a 
Kmi-vitreous oxide of lead : what i" railed stone- ware is glazed by the 
fames of muriate of soda; that salt bein thrown into the oven during the 
taking of the articles, which are so disposed as to receive it on every part of 
their «tirfaces. 

«• Yellow or queen*s-ware is made of the same substances as common 
pottery, hut a whiter clay is used, and in different proportions. The glaz- 
ng- is ilfo different. It i*. mide by msxing in water, to the consistence of 
cream, iix parts of white lead, 24 of uroand flint, and 6 of flint glass. The 
wire, before it is grlazed, is baked in ihe fire, by which it acquires the pro- 
perty of strongly imbibing moisture ; it is then dipped in this composition and 
qoickly taken out. It is afterw«rds exposed a fiecond time to the fire; by 
which means the glaze it has imbibed is melted, and a thin glossy coat is 
fermed upon its surface, which is more or less yellow, according as a greater 
•r less proportion of le!»<l has been used." Accum. The unfortunate 
Oen, who are employed in dipping the biscuit-ware in this composition, 
won becaine paralytic from the effects of the lead ; other men are substituteil 
in their room, who are destined to labour under the same maiady. Ht-nce, 
the society for the promotion of the arts &c. has offered a prem un» tor a 
•ahstitute for this glaze, or for a m<»de of using it which would not subject 
the men to these suflFerings. ^ 

+ It is said that a French manufacturer at Moulins, in the department ol 
Allier, hag lately discovered a new kind of earihen-warc, which comes cheap, 
and ii capable of resistins; the action of fire and acids. The glazing is puieiy 
iiCvMKJ, and cannot be injured by fatty substances, or by the mo»i 
cormive acids. -^^ j 

t The perfection to which the manufacture of porcelain has ^^P-^y^^ 
Ei^land is owing to the discoveriet of the iogenious and imi & 

5 An- interesting account of the processes \yUi(ih arc cair*^ 
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I 

What is the origin of zireone f 

Zircoiie is a peculiar earth, which has been found only in a 
gem called zircon and the hyacinth of the Island of Ceylon*. 

What are the properties of zireone ? 

Zircooe, when separated from the precious stones in which 
it is found, has the form of a fine white powder, destitute 
of taste and smell. It is soluble in the acidsf, but differs from 
all the other earths in not being soluble in the alkaliesif. Its pre- 
sent scarcity prevents our employing it to any useful purpose. 

What is the origin of glucine ? \ 

Glucine is a peculiar earth which has been found only in the 
emerald and beryl, precious stones procured from Peru and from 
the mountains of Siberia^. 

What are the properties of glucine ? 

Glucine, when separated from the stones which contain it, is 
a soft, light, white powder, without taste and smell; adhesive 
to the tongue like alumine*, infusible by heat; but soluble in the 
acids, with which it forms soluble sweet-tasted salts, slightly 
astringent II . It has not yet come into usef. 

What is the origin ofyttria P 

Tttria is a peculiar earth which has been found Only in a black 



great French manufactory of porcelain at Sevres has been published by 
Brogniart, who superintends it.. This paper has been translated, and pub- 
lished in the i3h and 14th volumes of the Philosophical Magazine. 

* This earth was discovered by Kiaproth, in the year 1793. The stone 
from which he procured it came from Ceylon j but the same stone has since 
been found in various parts of Europe. 

A fossil from Greenland, called compact hyacmth, has been lately 
analysed, and found t.> contain 10 per cent, of zireone. 

f If zireone be heated to whiteness, it is not afterwards soluble in the 
acids. 

X If zireone be kneaded with water and gradually dried, it will take the 
semi transparent appearance of horn. 

§ Glucine is derived from a Greek word signifymg siveet, which is very 
appropriate to this earth, as it gives a saccharine taste to all the acids witb 
which it combines. 

II This earth is insoluble in water, which is a further resemblance of 
alumine ^ but it d-ffers from it in being soluble in the fixed alkaline car^ 
bonates, Alumine is soluble in caustic alkalies. 

^ Vauquelin is of opinion that hereafter this earth will be usefulas a mor- 
dant in dyei; g, a d .hat i may be servicfabie m intdic ne when it comes to 
be discovered in grc ter plenty. Leiievre announced some time ago, that he 
had discovered the emerald in ^tone^ used for repainng the roads near Limoges 
in Guicnne. From this source a large quantity of glucme might be pro- 
cured. 

From the sweet taste of the salts of glucine. we have reason to believe that 
Nature, who foims nothing wirhout ii.'. use, h s endowed this earth with 
propel lies which will some time or other render it eminently serviceable !• 
the animal oeconomy, 



mineral from Sweden^ called gadolinite; Ind wliich cbntalns 
Ukemse iron, manganese, lime, and sifex *. 

What are the properties. of yttria ? 

Yttria, when separated from the mineral, is in the form oE 
1 fine, insipid, white powderf. It forms sweet and coloured 
salts with the acids, is insoluble in the caustic alkalies, but easT 
of solution in a solution of carbonate of ammdniaf. 

What is the origin of barytes ? 

Barytes was discovered by Scheele ill a mineral called ponder- 
ous spar, and afterwards terra ponderosa$. It is chiefly found ia 
this combination, and is very common in England and other parts 
of Europe. 

Is this earth found in any other states f 

Yes: it occurs in Northumberland, Cumberland, and Lan« 
Itthire, in large masses combined with carbonic acid|j. It has 

* 'There is some reason for supposing that yttria may be a metallic oxide. 
A foreign chymist has lately announced, that when muriate of yttria is heat* 
ed to redness it gives out oxygenited muriatic acid. 

Mr. Davy suspects that yttria and glucine are not distinct^ri;ffi/;<z;^ earths, 
but modifications of other earths. 

\ The specific gravity of yttria is 4.842, which approaches nearer ths 
ipecffic gravity of metals than any other earth. It has therefore been said 
to be the link which connects the earths with the metals* 
. X Though yttria is insoluble in the alkalies, and infusible alone, it may 
be fused when mixed with borax, and forms a white glass with that salt. 

§ Baiytes was discovered by Scheele in 1774. ^^ >& always found united 
cither with the sulphuric or the carbonic acid. The best way of procuring 
thia earth ^»r^ for chymical purposes, is, to dissolve the carbonate of barytea 
lA Very weak nitrous acid j by which means the carbonic aciJ will b* 
czpelled, and nitrate of barytes will be formed. By exposing this niiratt 
of^barytes to a strong heat, the nitric acid will be dissipated, and pure 
barytes will be left in the crucible. See Fourcroy and Vauquelin^s memoir 
IB the Annales de Chimie, xxi. 276. 

Sulphuric acid is the best test for the presence of this earth* 

Sergman gave it the name barytes from a Greek word signifying; beavy. 

Sulphate of barytes frequently occurs in the Derbyshire mines. Tb# 
^rorkmen call it cauk. Foe a description of this mineral, consult Thorn* 
ioh*8 Chemistry. 

A method of crystallizing this earthy salt artificially was pointed out by 
Wirhering in the Philosophical Transactions for 17^4- 

Casciarole, an Italian shoemaker, discovered that if sulphate of barytes 
be calcined in a peculiar way it will acquire a phosphorescent quality, and 
WiU thine even in water. It is known by the name of Bologna phosphorus* 
i^ the method of lAaking it consult Bouillon La Grange, vol. i. 188; or 
idij system of Chymistry. 

I Carbonate of barytes was first discovered by Dr. Withering of Bir-* 
flunghain, iii the lead mines of Alston Moor, Cumberland \ and for a long 
li^tf fm afterwards it was found only there and at Anglezark, three miles to 
Ihe east of Chorley, in Lancashire. Some of the speciniens have much of 
the appearance pf sulphate of alumine* See Dr. Withering^g paper Id the, 
Ithtlosophical Transactions for 17 $4. 
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bc^, (amd,9ito. in Franf^ io comlnnatioa with the oiude of inan* 
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TPZia/ tfr^ the properties* rfbarjies? 

Barjtes i^ of,a g^e]fldi whitje cdIdot ; H changes the vegetable 
bhiej^ like alk;allesff has a punj^nt canstic taste, and is a violent 
poison* tt ipaj be, known from the other earths by its solability 
in waterl:, by its f^roiiiig an insoluble compound with sulphuric 
acid$, and by its tinging flame yeliow. Its spedi^c gravity is 
4.00. 

Wiat are the uses,(fharpesf 

It forms with ii^i of the adds useful salts, whidi are employ^- 
ed as chymical re-agents j|l Combined with muriatic acid, it is^ 
employed in minute quantities in. medicine. It is capsule of 
making a very tenairiou^ cement, b^t.has not yet beea used much 
In the artsf • 

What is the origin of strontian ? 

Strontian is a peculiar earth, discovered about the year 178.T 
in a mineral brought from the lead-mine of Strontian in Argyle^r 
shire. That mineral is a carbonate of strontian \ and, as yet^ 
has been found but in small quantities in any otl^r place**^ 

Is this earth found im, any other state ? 

* Pure barytet changes quickly when exposed to the air \ it swells like 
qutck^Hme, smd like it falls into .a white powder; but this slacking it 
much more violent and speedy than that of lime. It combines intimately 
with water, by Which combination the water becomes solidified. 

'f Barytes is also sfmilar to the alkalies in changing red vegetable colours 
to a violet or blue, and jellotu vegetable colours to a brown \ in rendering 
oil miscible with water; in forming glass with silex; in its solubility in 
water ^ and in the readiness with which it shoots into crystals. 

X Boiling water will dissolve half its weight of this earth, but part of 
it will crystallize on Pooling. 

^ The most singular property of this earth is the tenacity with which it 
holds the sulphuric acid when combined with it. It has such an affinity tp 
it» that it will not part with it even to pure alkalies. Hence pure barytes 
will decompose sulphate of potash or sulphate of soda. 

II Muriate of barytes is the best test we have for discovering the presence 
of sulphuric acid. A good process for forming this salt may be seen in the 
Journal de Phys. 1794.. It has been used as a remedy for scrophulous 
complaints. If liarytes be given in medicine^ it should be used with ex- 
treme caution, as it is found to poison animals speedily, even when render- 
ed' mild by its union with carbonic acid. 

<^ Barytes has been proposed as a medium for decoqnposing muriate of 
soda in acheap way. If ever the carbonate should be found in as great 
masses as the sulphate of this mineral, it would undoubtedly answer the pur- 
pose completely. The method of using it may be seen in the Annales de 
Chtmie, tom. ^xix* See also a paper of Vauquelin*s on this subject in Jour* 
lal de Phys. 17949 p. 297. 

•• See Pelletier's paper on this earth in the Annales dc Chimie^ toI. xxij.- 
13 ; and fn Nicholson^g Journal, 410. vol. i. ^iS* 
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Strontian combined with surphiitic \kcid had bedh iFotind. ia va- 
riolas partis o¥ the World; paftiburafly neit Bristol; i^iier(^ i^ is 
^otteei in such abundance as t6 be employed in the repairs of the 
roads in the neighbourhood*. 

Jf^iat are the properties of strontian ? 

Strontian^ when separated from its acid^ is of a greyish white 
colourf ; its taste is acrid and alkaline^ but less so than barytes or 
the alkalies. It is not poisonous; and its solution in water is ca« 
piible of ciystallization:!:. It gives a purple colour to flame& 
which is the chief characteristic that distinguishes it froioi bai-ytes. 

W'hat are the uses of strontian ? 

Strontian, though it combines readily with all the acids and 
possesses alkalihe properties, has not hitherto been employed for 
any useful purpose ||> Hereafter it may be found to poss^ess vai- 
iuable properties ; for it exists in abundance, and the Author 
of Nature has formed nothing in vain % 

What is the nature*^ of lime ^ and what ate its distinguishing ch^ 
racters ? 

Lime is of a white colour, and of a hot caustic taste ; it forms 
salts when combined with the acidsff ; changes vegetable blues t6 
a green ; is incapable of fusion; gives but a great quantity of en-, 
loric when sprinkled with water ; and absorbs catbomc acid 
exposed to atmospheric air||. 



* See Nicholsoirs. Journal 9 vol, iii. 36. Sulphate of strontian is found 
also in great plenty on the roads near Paris» and in the province of PennsyU 
vania in America. 

f In order to procure this earth in a state of purity, carbonate of strontian 
may be treated in the same way as carbonate of barytes. See page 97. 

X Strontian is not soluble in less than 100 parts of cold water \ hot water 
dissolves it much easier \ it then crystallizes on cooling. 

§ If moisture be present in the mixture of strontian with inflammable bo* 
dies, the flame will be of the colour of carmine. Thus, if this earth, or 
the salts formed with it, are any of them dissolved in alcohol, the spirit will 
born with a flame of this colour. This distinguishes it from barytes. 

H It will be adviseable for the preceptor to procure specimens of this and 
other minerals, that the pupils may learn how to distinguish them. It will 
alsq serve to give a variety to the lessons, and prevent satiety. 

9 I have been informed that an eminent physician hatf recommended this 
earth as an absorbent to correct acidity in the stomach, when magnesiti 
would prove too aperient. / 

** The specific gravity of lime is 2.3. It is soluble when pure in 300 parts 

of water. 

ft I^ime forms with sulphuric acid a compound soluble in warm water. 
Tbus th]]i earth is distinguished from barytes and strontian, whose sulphates 
are tiisolubie* ' « r 

X% The effect of carbonic acid upon lime may be shown by V}^f 
experiment: Add gradually a very small quantity of water, im; 
with QarboiUc acid, to a jar about one- fourth filled with lime-^ 
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In what state is lime found in nature ? , 

Pure lime is not found nkive \ it is always ^n a state of com« 

tunation, chiefly with an acid ; and more generally with carbolic 

^cidj as in chalky marble^ limestone, &ci* ' 

toilkiness will ensue, because tbe carbonic acid forms with the lime an 
insoluble compound. On adding more of thf carbonated water, and 
shaking the jar as these additions are madey the milkine&s at last disappears, 
tiud the whole precipitate becomes re-dissolved. Hence it appears that lime, 
with a small quantity of carbonic acid, \% insoluble, and soluble yrit^ a 
/tfr^^r quantity. • ^ 

It is thus that Nature dissolves and deposits calcareous masses. When 
the waters, by their exposure to the air^ lose that quantity of carbonic acid 
vrhich favoured the solution of the lime, deposit^ar^ formed \ and hence the 
stalactites and incrustations found in caverns, &c«, and even the foliaceous 
calcareous strata of rocks $ which, without doubt, have in some period been 
lield in solution. When these waters suddenly lose the acid which was 
essential to the solution, there is an irregular precipitation : hence those 
tender calcareous cellular stopes, and perhaps 9U0 the sppQgy tufts ; but if 
th^ evaporation of the carbonic acid takes place slowly, it produces crystal- 
lizations, such as stalactites, &c. Accum.. When lime is crystallized by 
nature m combination \vith acids, it is called spar* With fluoric acid it 
forms the beautifui Derbyshire spar, called bluC John. With carbonic acid 
the dog-tooth spar, the Iceland crystal, &c. 

* The vast mountains of palcaf-eous earth which are found in difTerent 
parts of the world, all owe their origin, it is supposed, to the destruction of 
-marine testaceous animals, which in long process of time formed such vast 
accumulated heaps. ■. ■^ ' *' 

f* For in vast shoals beneath the brinckss tide, ^ 

On earth^s firm' crust, testaceous tribes reside : 
Age after age e)ipands the peopled plain. 
The tenants perish, but their cells remain ; 
Whence coral walls, and sparry hills ascend 
From pole to pole, and round the line exteinl.^* 

Darwin. 

Fourcroy, in his chymical Elements, has given a beautiful account of this 
-process of Nature, to which I refer; as I am persuaded every reader of taste 
must be charmed^with its perusal. See Thomson''8 edition, part iii. chap. 7, 
«ect. I. 

According to Captain Cook, there are perpendicular coralline rocks 
^(formed entirely of sea-shells) in the Southern Ocean, which are of such 
magnitude as to render the navigation of those seas extremely dangerous. 

The shells of some testaceous ayimals in the South Sea are extremely 
3arge. The kemo shell on the coast of Sumatra is frequently found 3 or 4 
feet diameter, and as white as ivory. See Marsden^s History of the Island 
of Sumatra, page 10. 

It maybe remarked, that while testaceous shells are formed with carbonate 
of lime, the shells of crustaceous animals and the shells of birds'* eggs con- 
tain also a portion of phosphate of lime. Its use in the former is not known ; 
but the design of Nature in furnishing the shells of eggs with phosphoric 
acid is very apparent. The body of the egg contains neither phosphoric 
acid nor lime: it wasr necessary therefoie that Nature should provide mean^ 
•f furnishing both these substances, which it does at the expense of tli#, 
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How is pure lime procured from these minerals? 

The limestoney the marble^ or the chalk, is broken into con« 
yenient pieces, and piled with coal stratum siiper stratum in kilns, 
where it is kept for a considerable time in a white heat. By this 
means the carbonic acid and water are driven off, and lime is the 
product*. 

What are the chief uses of lime ? 

Lime united with the acids is applied to various useful purposes, 
and seems destined to form a great part of the solid fabric of the 
terrestrial globef • In a separate state it is used in many of the 

shell ; which becomes thinner and thinner during the whole time of inctibatioM 
till the living embryo hath appropriated a sufficient quantity for the forma- 
tion of its bones. Part of the albumen for this purp«-« ^ combines with the 
fbell, and another portion forms feathers, &c. 

•One thousand parts of egg-shells are composed of 

Carbonate of lime - 896 
Phosphate of lime - 57 

Gluten and moisture 47 

1000 

If fbwis are kept in a state of confinement where they caonot get at 
any calcareous earth, they lay their eggs without shells. 

"* If pure lime is wanted for experiment, it must be preserved in well 
stopped bottles. Without this precaution it would soon absorb carbonic 
acid, and become carbonate of lime. If lime-water be exposed to the air» 
it soon becomes covered with a pellicle o^ carbonate lime from the same cause.. 
In like manner, if a little lime-water be put into a glass syphon, and the 
legs of the syphon be held upwards m that a person might blow through it 
virithout the liquor running out, the breath will be found to give a milky 
colour to the lime-water, and lime-stone will be seen forming at the bottom 
of the liquor, which will effervesce with acids and have every quality that 
it had when in the quarry. This change is owing to the absorption of carbo- 
nic acid from the lungs. m 

Some persons who have occasion for lime of the best quality, may be glad 
to be informed that the earl of Stanhope has established a work on a new 
principle for the express purpose of furnishing this useful article in greater 
purity than it can be had elsewhere. See Additional Notes, No. xix. 

Bishop Watson found by experiment that upon an average every ton of 
limestone produced iicwt. iqr. 4lbs. of quick-ltme, weighed before it was 
cold ; and that when exposed to the air it increased in weight daily at the rate' 
of a hundred weight per ton for the first five or six days after it was drawn 
from the kiln. This fact is worth the notice of those farmers who fetch 
their lime from great distances. 

In the Journal de Physique for 1775, page 311, are a plan and descrip- 
tioo of a kiln for calcining lime after it has been reduced to powder, in or- 
4er that it might be used quite hot without the necessity of its being slacked 
\gf water. For some purposes this is found to be very advantageous. 

'f Xhe inhabitants of towns and houses built on a chalky or limest 
fisandation are observed to be less liable to infectious or epidemic disor 
^wn those of any other siti»ation. 
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arts*, and particularly in making mortar /or buildings. Also 
by farmers as a manure ; by bleaf hersf , tanners, sugar-bakers, 
soap*boiiers, and othersi in their several mini!ifact6rie$, and in 
medicine:|:. 

How do you explain the operation of lime in forming mortars and 
cements ? 

Limestone becomes pulverulent by the loss of its carbonic acid 
in burning. Lime owes the property of hardening in mortar to 
its great attraction for water and carbonic acid. Being mixed 
with water, it crystallizes as it imbibes its original portion of car- 
bonic acid, and thus by degrees becomes as hard as unburnt lime- 
stone§. 

How does lime act so as to he of use as a manure for land ? 

The use of lime in agriculture seems to arise from its property 
of hastening the dissolution and putrefaction of all animal and 
vegetable matters || ; and of imparting to the soil a power of re- 
taining a quantity of moisture necessary for the nourishment and 
vigorous growth of plants, corn, &c.1f 

* Quick-lime well dried and pulverized is said (by the French translator 
of Mr. Henry*8 Eprtome of Chymistry) to increase the explosive effects of 
gunpowder, when mixed with twice its weight of the latter. 

Lime is used in the manufacture of glue. The design of it is to prevent 
its becoming flexible by the absorption of moisture, and to add to its strength. 
Some persons use alum for the same purposes. 

f Quick-lime was used by the ancients for bleaching. Theophrastiis, the 
disciple of Aristotle, and who wrote more than 300 years before Christ, 
speaks of it in this connection. He relates an instance of a ship which was 
loaded in part with linen, and in part with quick-lime, having been set on 
fife by water that was accidentally thrown over the latter, which fired the 
linen, and occasioned the destruction of the vessel. 

X Lime has the property of seizing oxygen from the atmosphere—hence 
the unhealthiness of rooms newly white- washed. Parkinson— The design 
of Nature in giving this property to lime is not ns yet apparent. 

§ When lime is made into mortar, it takes a long time in acquiring the 
portion of carbonic acid which it possessed in the quarry; but the mortar 
hardens as this absorption takes place. This .accounts for the great strength 
of some ancient buildings, in which the mortal" is found to have a greater 
degree of firmness than the stone. 

The tand which is mixed with lime to form mortar or cement, serves a 
purpose similar to what is answered by sticks put into a saline solution to 
favour its crystallization : therefore, the harder and sharper the sand, the 
better ; for, if the matter interspersed between the crystals be of a friable 
nature^ iike chalk, the mortar must be weak. 

For a further explanation of this chymical process see Anderson^s Essays 
on Agriculture. 

II Mr. Anderson thinks that no quantity of lime can possibly be too great 
for land. 

% Hence lime and chalk are foun<l to be partieularly tiseful on sandy soils. 
Marie is a mixture of carbonate of lime and clay. See Additional Notes', 
No. XX. Maries are useful in agriculture ««/)' in proportion to the calcare- 
ous earth they contain. Unless they contain more than 30 per cent, of lime 
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What is the use of lime in the operation of tanning leather? 

Lime is used by the tanner in a state of solution, in wjiich 
solution the hides are immersed in order to dissolve the gelatin- 
ous part of the skin^ and to facilitate the removal of the air^. 

How is the lime used in the refining of sugar ? 

By boiling the sugar in lime-water the manufacturer deprives 
it of that excess of acid f which prevents its taking the solid 
form:|:. 

what is the use of lime in the manufacture of soap? 

Lime is mixed with the alkali in order to deprive it of the 
carbonic acid. The alkali is thus made caustic^ and can operate 
more powerfully in converting the tallow into soap$. 

tbey are of no value to the farmer. Of all the modes of trial, the one best 
soited to the unlearned farmer is, to observe how much^;ir/^ ^z/f the marie 
gives out; and this be wilJ learn by dissolving a little of it in diluted nuiriatic 
^d, and observing what portion oi its weight it loses by the escape of this air. 
ThuSy if an ounce loses only 40 grains, he may conclude that the ounce of 
mmrie contained only 100 grains of calcareous earth, and that it would be his 
interest to pay seven times as much for a load of lime as he must pay for a 
load of marie at the same distince. Dr. Blaclc^s Lectures, vol. ii. 120. 

£very farmer should ascertain the nature of his lime before he uses it in 
agriculture, as there are many extensive districts in England where the lime 
is contaminated by magnesia, which renders it injurious to the growth of 
vegrtables. See Mr. Tenant*s paper on this subject in the Philosophical 
Transactions for 1799* 

Magnesian limestone is generally of a fawn colour, but it may be known 
by its Deing ten times as long in dissolving in an acid as common limestone. 
Txiis is the lime which the Yorkshire farmers call bot lime. 

* The theory of tanning is shortly this : After the impurities of the skina 
are reoioved, they are steeped in an infusion of oak-bark, which consists of 
two distinct substances, viz. the gallic acid, and the tanning principle. The 
galjic acid deprives the skins of their oxygen in a gradual manner; and while 
this if taking place the tan combines with the fibrous part of the skins, and 
forms leather^ Dr. Thomson, vol. iv. 569. See Seguin*s«|>aper on the im- 
proved modes of tanning in Nicholson^s Journal, 4to. vol. i. 271. 

*f* Lime is frequently used by cbymists in proce|ses where there 19 a su- 
perabuAant and injurious quantity of acid. The lime seizes the acid, and 
ffiees. the solution from it, by forming with it a calcareous salt. 

"% For the process of refining sugar in England, see Rees^s Cyclopaedia,— 
Article Sugar. The account may be relied on, as it was written by a gentle- 
man engaged in the business. ^ 

The method of refining in the French South American colonies is describ- 
ed by Fourcroy, vol. vii. 115. 

Dr. Rotxl^urgh has lately published a minute account of the Hindu method 
of cultivating the sugar cane, in the Asiatic Annual Register for 1802. 

^. As different alkalies require different proportions of lime to render them 
^•rfectly caustic, every soap-maker should be acquainted with a test by 
which he mav ascertain when he had given the proper quantity. 

HsiTiiig paid ^r^at attention to the different processes in this manufacture 
I think I am justified in saying, that no trade is less understood, even 
ths people who conduct it, than this. At some future time I intend (if ot 
VroGMont admit of it) to dr^vr up a treatise on the manufacture of to 
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We have hitherto spoken only of lime, and of carbonate of limH: 
is Itnu found native in any other staie of combination? 

Lime exists in large quantities in various parts of the earth 
combined with sulphuric acid, which forms gypsum* j with th^ 
fluoric acid \n the fluor sparf ; with the phosphoric acid in a 
mineral called apatite^, and in some precious stones. 

What is magnesia? 

Magnesia b a very soft, white, light earth: with little taste jr 
smell §; unalterable in the fire ||, and almost insoluble in watenf 
With sulphuric acid it forms a salt very easy of solution**. 

Honv is magnesia procured? 

Magnesia is not found in a state of purity, but is generally 
procured from sulphate of magnesia (Epsom saltff ) which exists 



in wbicli I shall endeavour to explain the diiferent operations on cbymical 
principles^ and how each process may be conducted to the best advantaged 
We have no English work on soap-making, and I believe there is nothing 
in any language worth reading on this subject except the " Report on the 
Fabrication of Soaps, made by Darcet, Leli/evre, and Pelletier, by order 
of the committee of Public Safety,** in the 19th volume of the Ann^ dt 
Chimie; but as the French make use of articles which our soap-makers 
cannot avail themselves of, a great part even of that paper is not applicable 
to the practice in this country. 

* Gypsum is composed of 30 parts of sulphuric acid, 32 earth, and 3^ 
water. l!.irwan. 

f Lime combined with the fluoric acid forms those beautiful fluor spart 
«rhich are brought from the mines of Derbyshire. Coml>ined with muriatic 
acid, large quantities of this earth are held in solution by the waters of the 
ocean. 

X The bones of all kinds of animals are formed of this earth and phos- 
phoric acid, in the proportion of about 80 parts earth and 20 parts acid. 

The best t<:st fur the presence of lime is oxalic acid, which forms with it 
an insoluble precipuate. Oxalate of ammonia is generally used for this 
purpose. 

§ Magnesia conveits vegetable blues to a green. In this respect it re- 
sembles the alkalies. Indeed. some chymicai writers have classed ft witk 
the alkalies. 

II Though this earth is infusible of itself, it assists the fusion of every other 
body. It requires near 8coo times its weight of water to hold it in solution : 
nothwithstanding this, it has the property of rendering camphor, opium, 
and resins, soluble in water. Its specific gravity is 2.33. 

^ Magnesia dissolves in alkaline carbonates, but is not soluble in the 
caustic alkalies. 

** Sulphate of magnesia is fouid in several mineral waters. The ^i///r 
saline waters generally .owe their taste to this salt. All the salts formed 
with this earth are bitter, and generally very soluble. 

The Epsom salt (sulphate of magnesia) of commerce is generally pro- 
cured from the mothers which remain after the separation of common salt 
^rom sea water, by adiiing thereto sulphate of iron. In fhis process the 
nhuric acid leaves the iron to unite with the magne<;ia, and the muriatic 
which was before combined with it unites with the iron. 
t The nvagnesia used in medicine is prepared thus : A solution of csu:b«'» 
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in abundance in sea*water, and in many springs** 
Wiat are the uses of magnesia? 

Magnesia, in a separate state, . has important uses iH medicinef • 
It is useful also in some chymical processes \ apd is employed by 
the manufacturers of enamels and porcelain. It is also the most 
«fl^ectual antidote in case of poison by the mineral acidsf. 

Are there not instances in nature of the earths entering into combina^ 
4ion with each other ^F 

Yes : minerals are found in which the earths are combined 
in different proportions by processes unknown* to us, and which 
Kature employs to produce the variety of texture^ transparency^ 
colour, &Ck visible in them||. 

aate of potash, or soda, it poured into a heated solution of sulphate ef roag« 
Jliesia, when a double decomposition and combination take place. Tno 
sulphuric acid of the sulphate of magnesia seizes the alkali, and thecarbotiic 
acid of the alkali combines with the roagiictit. Thus caibotiate of magnesia 
Bod sulphate of alkali result from the process. 

* Muriate of magnesia is also found iu sea water. Inverary-House is 
built with a stone called lapis oUaris, which contains a large portion of mag- 
nesia. 

Magnesia is fotind in talc, steatites, potstone, asbestus, fossil cork, and 
other minerals. The stones which contain a large portion of this earth hava 
generally an unctuous feel, a fibrous texture, and a silky lustre 

f When magnesia' is takeii a's an aperient, it ought to be in the state of 
carbonate of magnesia, or what is called mild magnesia. When it i» takeh as 
an absorbent to correct acidities, Calcined or caustic magtiesia is ftiost proper* 
Od several accounts it is of consequence to attend to this distinction. 

X If putrid water be agitated with a small quantity of magnesia, it will 
lose its Dad taste and smell in a few minutes. Proust, Journal de Physique* 
Might not this method be of use} sometimes at sea, on long voyages ? 

§ Alumine and silexartf the earth* which have the greatest affinity. Thest 
earths are found in nature oftener united than any other. The hardest stones 
are formed of these two earths. . ' 

Monsieur Guyton de Morveau has proved by direct experiment that th« 
earths have not only an affinity for each other capable of producmg cbmbind^ 
tion, but likewise an elective attraction, which destroys one compound in 
order to form another. The paper containing an account of his experiments 
may be seen in Annales de.Chimie, tom. xxxi. 

Mr. Chenevix^s memoir on this subject, in the PhiL Trans, for iSol, 
is aUo very interesting. 

H Potter*8 clay is a mixture chiefly of silex and alumine ; the colouring 
earths used as pigments are mixtures either of clay and the oxides of iron^ 
or clay and charcoal ; garden mould is a mixture extremely various, some* 
timet containing silex, alumitie, magnesia, iron, lime, and carbon ; tha 
^ominon millstone is generally composed of alumme and silex, whereas the 
crumbling tandstoi^eis a mixture of iron and silex. 

But it IS impossible to enumerate the endless diversity of substances which 
Kamrc offers ready formed for the use of man; for the mixtures of th'- 
earths which are found naturally combined^ comprehend all the variei 
df clays, slates, stones, spars, gems, rocks, crystals, zeolites, qua 
dints, &Ci 

A regular classification of the different e^uths and stones, accordinj 

14 
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What do you luppose could be the design of Nahere in forming so 
mam distinct earths ? 

llie earths havb several properties in commoki ; yet as every 
earth possesses different and specific properties, it is evident that 
Nature designed them for different and distinct purposes of 
utility. 

Tou have enumerated the separate Uses of most of the earths^ can 
you recollect the collective advantages vuhich arise from this class of 
bodies? 

The uses of ztrcOne, glncine, yttria, and strontian are not yet 
known ; but the benefits which we derive jfrom the other earths 
are too various and important to be enumerated. Besides that 
they afford support to the vegetable creation, they possess so 
many valuable properties, that man may attain a very high de- 
gree of civilization and comfort by their means. 

In order to impress your memory y and to finish the consideration rf 
this class of bodies^ endeavour to recollect those uses of the earths nphich 
appear to you to be most important. 

Lime, then, has an extensive and important use in agricul- 
ture* ; it is emfdoyed in building, &c. ;uid adds much both to 
the neatness and durability of our dwellings. Silex *i$ the basis 
of all mortars and cements, and is a necessary ingredient in 
earthen yrare, porcelain, .and glass. Barttes is employed in 
chymical laboratories as a re-agent, and for the formation of salts. 
Magnesia, besides being the basis of several salts, is of great ust 
in medicine; and alumine, by its mixture with silex, forms 
vessels for chymists capable of resisting the action of the most 
concentrated acids; is the material of which the bricks are form- 
ed which construct the walls of our habitations, and is spread 
out by the great Author of nature in strata within our hills and 
mountainsf , to arrest the progress of subterraneous waters, and 

the system of M. Daubentop, may be seen in the first volume of Thom- 
son's Fourcioy.. 

A few short directions for analysing stones are given* in Parkinson's 
Ghymical Pocket-book. There is an excellent paper on this subject in 
tol.iv. of Dr. Thomson's System of Chymistry. Fourcroy's directions 
are more concise, bat they are worth the perusal of those who are not 
accustomed to this kind ot analysis. Further information may be had by 
eon suiting Kirwan's Mineralogy, vol. i. 

The minerals which are generally the subject of analysis with chymists are 
formed with different proportions of the nine earths and i^e metallic oxides ^ 
such fts oxide of iron, copper, nickel, manganese, crome, &c. 

* **■ The goodness of a soil depends upon its being able to retain the 
quantity of moisture which is proper for the nourishment of vegetables, and 
no more. Now the retentive power of a soil increases with the proportion 
of its alumine, lime, or magnesia ^ and diminishes as the pspportion of its 
silex increases." ' Or. Thomson. 

f Some have imagined that the earth would have had more beanty, and 
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to produce those springs that fertilize the valleys, and which take 
such diversified courses upon the surface of the globe. 

« 

would have been much more convenient, if the whole had been a plane surface { 
and others have gone »o f«r as to adduce the mountainous parts of the world at 
a proof of the imperfection df the works of Nature ; but, independent of the 
beautiful *uariety which they^ive to the surface of the globe, they aie the sole 
cause of all our springs, and the origin of rivers, without which we have a 
difficulty in conceiving how animal and vegetable life could have been prc« 
served. 

Like the good man who, elevated by his rank, virtues, and talents, stands 
erect in conscious integrity, and dispenses blessings of every kind around 
him«»they raise their toweritg heads towards heaven, (o draw from thence 
the fructifying waters \ and when purified by suffering them to percolate 
though their siliceous beds, they pour them forth in a thousand streainl to 
fertilize and bless every region of the earth. 

I see the rivers in their infant beds ! 

Deep, deep, I hear them, labMng to get free I 

I see the leaning strata, artful rangM ^ 

The gaping fissures to receive the rains. 

The melting snows, and ever-dripping fogs. 

Strow'd ^ir^ir/bii/ above, I see the sands. 

The pebbly gravel next, the layers tbm 

pf mingled moulds, of. mora retentive aartbs, 

That, while the string moisture they traosmit. 

Retard its motion, and forbid its waste. 

Thomson. 

When we consider that the crystal spring and the meandering river owt 
iheir origin eniireljf XoX\it%t eminences dispersed over the eartb^s surface, wh^t 
importance do thev acquire in our estimation ! and what reason have we 
t6 admire the wisdom of that Being who had an eye to every exigency, 
and in the infinity of his power has amply provided for them all ! 
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CHAPTER VI, 



OF ALKALIES. 



t - 

I 



^nATis the fudur^ ofatialkali T 

The alkaliesf have an acrid and qrinous taste ; they change 
the blue juices of vegetables to a green ; and have the property 
of rendering oiis miscible with water. They are incombustible^ 
but may be rendered volatile by a great heat. They are soluble 
in water : form various salts by combination with acids| ; and act. 
lais powerful caustics $ when applied to the flesh of animals p. 

t Ko written description tKat can be 'given of an alkali will convey any 
torrect idea of the taste br properties of this class of bodies to a peison who 
liks had no opportunity of examining an alkali : let the pupil therefore pro* 
cure a specimen of eacn kind before be enters upon this chapter. The )uice 
of the gooseberry and thelemon, and many other vegetable substances will re- 
mind him of the general properties of the acids $ but having met with nothing 
analogous to the alkalies, it will be necessary for him to taste and examine! 
one of these bodies in order to acquire any thing like a just idea of their na- 
ture. Let him form potash or soda into a neutral salt by saturating it with 
one of the acids, and he will perceive still more of the nature of these 
bodies. 

f The word alkali is of Arabian origin, and signifies the " dregs of 
titternes^." Dr. Thomson. 

X Poiash becomes mild by its union with carbonic acid ; the most caustic 
lioda, if united to corrusive muriatic acid, forms the mild salt used at our 
tables. 

^ It seems that causticity depends on chymical affinity, and that the 
caustic substance corrodes the matter to which it is apjgjied, in consequence 
of its tendency to unite with that matter; and that it-continues to act upon 
it until It has saturated itself by »he combination. Thus the most caustic 
-alkalies may be combined so as to form insipid salts. See Macquer^s Chy. 

•cal Dictionary, where this chymical operation is veryfully explained. 

' If a piece of animal flesh be put into a strong solution of |)otash or soda, 
rill immediately be acted upon by the alkali, and will soon be entirely 
olved thereby, eo that the whole will appear as oae mast^ 
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How many alkalies are there ? 

There are three alkalies*; two of which have been z?X\%& fixed 
alkalies, the other has long been known by the name of volatile 
alkali. 

Which are the fixed alkalies ? 

The fixed alkalies are potashf and soda^. 

Why have they been called fixed § alkalies f 

Because they will endure a great heat and still remain un- 
changed. 

What substances enter into the composition of these alkalies ? 

Th^ fixed alkalies have hitherto been considered, as simple sul> 
stances, chymists not having yet been able to decom^e them \ 
but there are reasons to believe that they are compound bo- 
dies II . 

Hcive we any historical account of the discovery of these substances ? 

Potash was known to the ancient Gauls and Germans^ ; and 
soda was familiar to the Greeks and Hebrews This latter sub* 

^ The alkalies have a great affinity for water and for carbbn $ it is there- 
fore probable that their causticity'is owing to thiB circumitaiice, water and 
carbon being so abundant in animal bodies. If the alkalies be dissolved in 
a larg^ portion o^ water, they lose their caustic qualities. 

The French chymists have classed barytes, strontian, lime, and magnesia 
among the alkalies, on account of their possessing some alkaline properties^ 
but 4s they bear a gfeater re'semblance td th-: earths than the alkalies, I hate 
adhered to the old classification of these bodies. 

f Modern chymists call the pure vegetable alkali potass^ whereas theartU 
de of commerce is called potash. 

This alkali was formerly procured by burning vegetables in large iron 
pots ; hence it acquired the name of ^0/ash. 

X This alkali acquired its name from the plant salsola soda, which grows 
on the Spanish coast, and which is burnt for its preparation. 

§ Mr. Chenevix objects to the term /jr^^ alkalies ; but as the term Is 
used in all modern chymical writings, and as I cdbceive that it may be 
useful to assist the memory of ^beginners, I have retained it in this work« 
These alkalies have surely some claim to the title oifixedy for they require 
a jcAheat to dissipate them ; whereas the other alkali becomes volatile at a 
v^^^w temperature. 

I^pme time ago Guyton de Morveau imagined that he had discovered 
the composition of the fixed alkalies, and announced the discovery to the Na- 
tional- Institute: but Darracq repeated the experiments of Guyton, and 
pointed put the fallacy of his conclusions. 

I have heard only oi one instance of the formation of these alkalies, though 
some chymists have thought they were produced in certain operations. At 
i^e great explosion of the iron furnace at Cblebrook Dale by the bursting of 
the dam of the river, on the 7th of September i8or, its whole contents 
vere thrown into the air, and it is said nothing was found afterwards but 
potash, soda, and prussiatc of potash. 

^ These people were probably the inventors of soap, as we are told * 
Pliny, that they made soap with the ashes of vegetables and tallow 
foap-t>oiUr*s sl^op with soap in it was discovered in the city of Por 
•v^rwhelmed by Vesuvius, A. D. 79. Miss Starke*s Letters from Italy 



« 




I to , ALKAtSES, Ci^. 6.3 

Stance was known to these ancients by th^ name of nltrom^. 

Wbat is the origin of potash F 

Potash is chiefly procured by Uxiviatioif from the ashes of 
burnt wood and other vegetable substancesf ; but ;as it exists in 
minerals and earths:|:, there is reason to believe that pbmts re- 
ceive it from the earth during vegetation §. 

What is the origin of soda ? 

Sodft is generally procured from the ashes of marine plants || > 

* This substance ii found Jiati?e in Bgypt* and \% there called natr%n \ 
a name not much unlike that which it bore among the Jews and Greeks. 

f A tab)^ o^ the quantities of alkali procured from dtflFerent kinds of 
wood, may Se seen in a Valuable memoir on the fabrication of potash in 
Annates de Chiroie, tome xix*. 157. Directiqn9> by Vauquelin, for burn* 
ing vegetables in a proper manner for this purpose^ will be found in the 
same volume, 194, 

Potash is prepared in large quantities in wine coiintries» by the incinera* 
tion of wine-lees and must. This article 'sknown incomoierce by the name 
of cendref gra^veU'es, 

X Potash has been discovered in the pumice-stone j in the zeolite; and 
in the leucite, an earth of the siliceous kind. It has also been found in the 
aluminous ores of La Tolfa } but never in an uncombitud $tate that I know 
of, except in the water of some wells. 

^ It has been said, that potash cannot be procured from vegetables with- 
out burning them previously to their being lixiviated, oc treating them with 
nitrous acid, or by some process capable of furnishing oxygen and nitrogen : 
and, indeed, it has been found that, if vegetables be so^iked for some time 
in water and then burnt, they will afford no potash. Hence it appears, 
that potash, or one of it constituent parts, exists in the plants before incin- 
eration, it is therefore probable that the potash was originally m the s^il, 
and that the vegetables take it up by their vegetating organs. 

i{ The sabola soda^ which grows among the cliffs on the sea coast, is en<- 
dowed by nature with the property of decomposing sea-salt. By some pro- 
cess of vegetation, it separates the muriatic acid and absorbs the soda. 
ilence it acquired the name of salt-wort. This pl^nt is collected by the 
Spaniards with great «c a re, and burnt for the manufacture of BARILLA, 
which is a considerab!? article of commerce. Thus Nature has providently 
furnished the inhabitant of the otherwise b*ren coast with a source of em- 
ployment, and has enabled him to supply the interior with an articU of 
irdispensabie necessitj', for ages before the science of chymistry ^Hict 
aiTord him other means of decomposing muriate of soda. ^^ 

'* The saltivorVs starry stalks are thickly sown. 
Like humble wonb, unheeded and unknown.** 

Charlotte Smith. 

Most of the peasantry in the Shetland Isles and in the Highlands of Scot- 
land are supponed by collecting sea- weeds, and burning them into KELP, 
an article which protluces great revenues to the lairds of those districts. The 
best account of this manufactflfe will, I believe, be found in Jameson^s 
Mm ' -cry of the Scottish Isles. See also Repertory of Arts, vol. xii. 

r The kind impartial care 

Of Nature nought disdains \ thoughtful to feed • 
Her lowest ecns. THOMSON. 
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but the great depository of soda is the ocean, «oda being one of 
the constituent parts of sea*salt*. 

Hbw is it that marine plants give out sodoy while plants ivbich 
grew in the interior of the country afford potash? 

This can only be accounted for by supposing that vegetables 
have the power, during vegetation, of decomposing marine salt ; 
and that they take up the soda, which is one of its component 
principlesf. 

Is soda found in any other state ? 

Tes: soda is found in great plenty combined with carbonic; 
acid in the natron beds of £gypti, and in the East Lidies§ ; also 
in various parts of the world united with other acidsg. 

Soda, combined with carbonic acid, is found mixed with earth in Hungaiy, 
Bohemia, and Switzerland ; also in China, Syria, Persia, and India. 

* f oda is procured also by chymical processes from sea- salt, which is 
found in immense masses under the earth^s surface in many countries, par- 
ticularly in Poland, Hungjiry, Spain, and England. 

An interesting memoir on the decomposition of this salt, published by or- 
der of the Committee of Public Safety, may be seen in the Annales de Chimie, 
tome xix. 58. It occupies 98 pages, and contains a detailed account of 
several efiective processes. It may perhaps be the means ol saving some 
tfidividuals from loss and dissappointment, if I inform them^ that I have 
oiyself repeated most of those processes in a reverberatory furnace, built for 
twit particular purpose, and sufficiently capacious to allow some hundred 
welglitB of the materials to be operated upon at once ; and that I am of 

rioa that none of the means there directed can be pro6tably employed in 
country during the present high price of salt, except by those whose 
mamifactories may produce saline residuums, or whose locality of situation 
loay give them peculiar advantages. The decomposition by potash, or by 
the oxides of lead, presents the fewest difficulties ^ but even those methods 
cannot be lucrative, unless at a time when potash and lead are at moderate 
jNricei. 

"I* Can any thing be more gratifying to a well-regulated mind than the 
examination of these arcana of nature ? ** The sensualist may imagine that 
be enjoys the world ; but to enjoy it truly is to be sensible of its greatiiess 
attd its beauty.** 

X The natron lakes of Egypt annually produce a large quantity of mineral 
alkiali. It is probably produced by means of carbonate of lime and the de* 
composition of muriate of soda. In summer the water of these lakes is 
evaporated by the sun, which leaves a bed of natron generally two h^ 
thick ; and this is broken up by wedges, &c. and packed for the European 
markets. 

Berthollet formed an artificial natron bed in one of the gardens of the 
National Institute, by the mixture of carbonate of lime, siiex, and muriate 
of soda. After a time, a partial decomposition was effected,, which waa 
evident from the incrustation on the surface changing the colour of tesc 
p^per. ^ 

§ Large quantities of natron are frequently s4Pat the English East Ind< 
Company^s public sales, which are brought by their vessels fi om China a 
other parts of the East. 

I Soda exists native in borax, and in muriate of soda, which isour cc 
mon culinary salt. Near Cordova in Spain there is said to be a mountaif 
this aalt 500 feet bigh| and nearly three miles ia circumference. Dr. The 
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Hov) have the fixed dHalies hten distinguished fr§m each other f 

The one has been called the vegetable^ and the other the mn^ 
tral alkali*. 

What are the distinguishing properties of these two alkalies ? 

The fixed alkalies are very similar in their general [Mropertiesf ^ 
but they may be distinguished by the salts which they form JBirith 
different acids; and by potash being much more deliquescent 
than soda. 

Is there any chymkal test by which you can distinguish thete two 
alkalies ? 

6on, volume!^. 4. id eflit.-*-The mine of Cracow in Poland is coinpute4 
to hold salt enough to Suffice the whole world for many thousands of yeari^. 

Dr. Blacky vol. i. 456. 

Soda has also been found in the proportion of 4 per cent, in common whin* 
stone> and in volcRnic lava. Edinburgh Trans, vol. v. As these specimeni 
contained lime and muriatic acid, it is very probable that the sod^was 
produced by the decomposition of muriate of soda by the agency of fire. ' 

The chrysolite of Greenland, which is an in<olubie fluate of alumine^ is 
found to contain 36 per cent, of soda. Klaproth. 

Soda is ,one of the substances found in tke bile of aniitfak. Whenever this 
alkali occurs native, it is always in a miU state ; and as it cannot combine 
with oils to form soap, unless it be caustic^ this causticity is given it for 
these manufactories by artificial means. It is worthy of remark, that Nature 
has furnished the bile with soda in a state of causticity^ which gives it the 
property of combining with and saponifying the fat or oily substances ta- 
ken into the stomach, and rendering them soluble in the other animal fluids. 
What account can be given of this deviation from the usual course of na- 
ture, but the important purpose which it serves in the animal oeconomy ? 

* Potash was called the vegetable alkali, because it was supposed to 
exist only in vecetables, though it is now found in minerals, &c. Soda 
was call«J mineral alkali, because it exists in mineral 0alt. • 

Soda, as diRtinguished from potash, has been known but of late years. 
Even half a century ago, the salt which was artificially produced by the 
mixture of muriatic acid and potash was called f* re-generated marine salt j** 
which shows that chymists had not then learnt to distinguish between potash 
and soda; Some of the properties of soda were known in times of remote 
antiquity. A Hebrew writer speaks of washing with natron. Jeremiah^ 
ii. 22. « 

f When the fixed alkalies are in a state of purity, it is impossible by 
inspection to distinguish them from each other; and yet they form, by 
imion with the same acid, salts very opposite in their saline properties and 
appearance. Thus (he sulphuric acid and soda Form a salt very soluble in 
water, which crystallizes in long separate six-sided prisms, effloresces in 
the air, and undergoes a watery fusion by the action of heat ; whereas, the 
same acid and potash form a salt extremely difficult of solution, which 
crystallizes in hexahedral pyramids, or in short prisms, crossing each other 
at ri^ht angles, is not affected by the action oi the air, and decrepitates id 
the fire. ^^ 

Hie oxalic acid has beflrused as a test to distinguish the mineral from 

•veg^etable aikali. With the latter it forms a very soluble salt, but with 
former or.e of difficult solubility. Kirwan's Mineralogy, vol, ii. 7. 
Hash may he known from soda by supersattirating it with tartaric acid, 
which it form« a salt very insoluble in water. 

he alksliety when combined with cr»r!^< ' ic T'd, form very soluble ^lUf 
t the eai thy carbonates are nearly tnsoMle in water* 



Great inconveniehce has arisen to the arts for want of a 
convenient test of this kind. However, a solution of the ore of 
platina has been lately found to answer this purpose completely, 
as it will show immediately whether an alkaline solution contains 
potash or soda*. 

What are the chief uses of these alJudies f 

The fixed alkalies have various uses in surgery and medicinet; 
they are the basis of several salts ; are employed much in the 
^rts;^} and are also of great use to the analytical chymistj. 

How are the fixed alkalies employed in the arts f ^ 

The fixed alkalies are used m large quantities by the gla^t- 
maker II, the dyer, the soap-maker, the colour-maker, and by 
various other manufacturers. 

In a former chapter we have noticed the use of fixed alEali in making 
glass : — can you tell the use of it to the dyer? • 

The alkalies are known to have the property of altering the 



* If a little of any alkaline solution be poored into a tolation of the ort 
•f platina in nitro-muriatic acid, a yellow precipitate will be seen, if the 
aJkaline solution contained potash ( but if it contained only soda, no preci- 
pitate will occur. The peculiar advantage of this test consists in its readf 
application \ whereas the old test required time to ascertain the nature of thA 
salts formed by their means. 

f Fourcroy is of opinion that soda is more proper for medicinal parposci 
than potash, on account of its analogy with animal substances, which a/» 
'waji contain it \ while on the contrary no portipa of potash is found ift 
fbem. 

\ The greatest consumption of the fixed alkalies in this country is in the 
manufacture of soap. They are employed also largely in bleaching, and 
in the manufacture of glass. Soda and potash are both used in washing, 
and for other domestic purposes; as they powerfully unite with all greasy 
substances, and render them soluble in water. 

^ See Note page 1 1 y. * 

jj Soda has the property of fusing silex with more facility than potash | 
hence j| is preferred by those glass-makers who have made trial of both these 
alkalies. 

Soda is preferred to potash in most of the manufactures, because it is much 
iess acrid, and is not capable, like that alkali, of attacking op weakening 
the texture of piece (i. e. linen) goods, nor of corroding and destroying 
tuensils of wood, metal, &c. Fourcroy *s System of Chymistry, vol. ii. 311, 

It is curious to observe that the alkalies combine with troMsfareut olive oil 
and produce soap, an opake ma^s ; and that they unite with 9ftAe sand 
and produce glass, which is a transparent substance. How various are the 
properties given to those primary materials, that have been intrusted to man 
for the promotion of his convenience and comfort I How much, it this variety 
calculated to gratify the inquiring mind, and to direct it to ' - 

"*' Look through Nature, up to Nature's, God !** 

15 
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hue of most colours*: tKey are therefore employed with thb view 
by the persons who are engaged in this trade. 

Why are the alkalies employed in making soap f 

An alkali is an essential ingredient in soap, as it is the only 
article capable of converting tallow or oil into a saponaceous sqI>- 
stance, and enabling it to combine with waterf. 

Why are the fixed alkalies employed in making colours f 

Several of the colours which are now manufactured cannot 
be made without an alkali: thus, animal matters are incinerated 
with an alkali to form Prussia blue; thus, a fixed alkali is employ** 
ed as a flux in the formation of mineral blue from cobalt \ also 
hi making other mineral colours, &c. 

What are the other uses (f these alkalies ? 



* << 'the fixe^ alkalies also facilitate the solution of the colonrfng pairt of 
dye-goods, and render the colours darker/* La Grange. 

f To nnake soap, it is necessary to employ a fixed alkali in a caustic state* 
In this country the business rs usually conducted in the following manner i 
Spanish bafilla or Scoteh kelp it broken in pieces, or coarsely ground by a 
horse mill | and when mixed with a sufficient quantity of quick- lime to afaK 
sorb the carbonic acid, the whole is thrown into large wooden or iron vat9,' 
and covered with water. In large work*, these vats are generally of cast 
iron« and sufficiently capacious to hold ^ or 4 tons of alkaline ashes. At a 
proper time, the water, impregnated with the caustic alkali, is let off into 
iron receiters below, and the vats are covered again with water, which, 
after standing a sufficient time, is let off as before. This liquor is called 
soap-boilers* lie. Wh4b a sufficient quantity of this is prepared, Russian 
or English tallow is put into a large iron boiler and melted with a portion 
of the above-mentioned alkaline lie. At ftrst the tallow appears liquid like 
oil, but during its boiling it acquires' by degrees consistence as it saponifieff. 
When the alkaK is uniformly combined with the tallow, the weak liquor 
is pumped from beneath the soap, and fresh lies are added in their stead. 
These are boiled as before, till the soap exhibits certain appearances weH 
known to the manufacturer ; it is then cooled down, and poured into deep 
wooden frames 15 inches wide artd 4^ inches long ; where it remains till it 
lias acquired a sufficient degree of solidity to be cut up for sale. It isL the «/- 
kaii which gives soap its detergent quality, and which renders it soluble in 
iRrater. The tallow serves to moderate the sharpness of the alkali, and tu 
prevent itS' injuring the hands of those who use it ^ which it would other- 
wise do. 

In making yellow soap, resfti rs used in the proportion of about x part 
to 3 or 4 parts of tallow. The resin makes the soap more detersive, and en- 
ables the manufacturer to sell it cheaper. Common fish oil is also used in 
yellow soap whenever »ts price will admit of it. 

In making soft soap, which is a distinct and separate trade in this country, 
potash is the alkali made use of. A solution of this alkali in a caustic state 
IS boiled with fish oil $ and when the oil is sufficiently saponified, and a 
complete union of the materials is formed, the twbole is poured into sm^ll 
cask? *''- sale j the water having combined with the oil as well as the al- 

k)Mi ^ 
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They are employed in making alum*, in bleaching, &c. &€f. 

From whence if this country supplied with these alkaUes ? 

The greatest part of the potash which is used in this country 
comes from America and Russia ; but the kelp of our own coasts^ 
and the barilla. of 3pain and Sicily^, furnish us with most of our. 
mineral alkali $• 

Are these alkalies sold in a state of purity? 

No : the potash and soda of commerce are always in comUna* 
tton, though not saturated, with carbonic acid|| ; they are also 
contaminated with various earths, and sometimes with a portion 
qi sulphurf . 

Has alkali any peculiar affinity for sulphur f 

Both potash and soda have a strong affinity for sulphur : they 

* Alum cannot be brought to crystallize properly without the addition 
of a portipn of potash or ammonia. For this purpose the British roanufac- 
jtvrers generally use kelp (which contains a quantity of potash as well as 
soda),' or black ash^ which is an article made from the waste lies of t\m 
goap-boilerSy and which^ with other salts, generally contains a portion of 
ipuriate and sulphate of potash. Putrid urine is sometimes used, on account 
of ihe ammonia which it affords. For the pro^^ss pf altim-making, i^ee 
page 94. 

f The design of using alkali in bleaphipg» is to loosen and carry off that 
particular substance in the cloth which occasions its brown colour, and 
^hich Dr. (lome says is a kind of heavy oil. For further information con- 
sult Berthollet on dyein^r. 

X The soda of Spain is procured from the salsola, as has been noticedi^ 
and also from the batis maritima. This Sicily barilla which is imported 
into this country is chiefly tirade by the incineration of the zojtera mari-\ 
tima. 

4 As we are indebted to foreign ^ountrte^ for most of our fixed alkalies, 
it would be a great national bene^t if some ingenious chymist could discon 
ver an expeditious as well as oeconpipic^l mod^ of recovering the alkalies 
after they have been used fqr manufacturing or domestic purposesi^ The 
waste liquor might be evaporated ; and if the residuum w£re calcined^ the 
potash or soda wot) Id he rpcqvered entire, and endowed with all the valuable 

?operties which it originally possessed $ as it is by nature indestructible^ 
he desideratum is, how to divest it of its impurities, and how to calcine 
it at a small expense. 

By examining ** The Report of the Commltt^ of the House of Commons 
^ippolnted to inquire into the Laws relating to the Salt Puties,*' I find that 
from the 5th of Jan. 1800 to the 5th of Jan, i^oi the following c^uantitie^ 
of alkali were importe4 into Great B.ritaii\ < 





Civt. 


Pfclared Valuey 


Barilla 


I7».4S4 


£. 362.153 18 6, 


Pearl ash 


44,4>0I 


128,765 2 6 


I'otash 


135,4.01 


284,342 3 6 



H The potash and soda of commerce contain nearly one 5th of their weight 
of carbonic acid, besides lime, silex, and other impurities. 

^ An ash which contains 20 per cent, of pure alkali is capable of takincr 
up 15 parts of sulphur. $uch ashes qtay be desulphurated by thre 
cesses I by calcining them in an open furnace exposed to a rapid I 
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combine ' by trituration or heat, and form sulphuret of alkali*|^ 
formerly called hepar sulphtsrix, " liver of sulphur." 

fF'tat is the nature of sulphuret <f alkcdif 

Its colour is similar to that of the liver of animals ; its taste is 
acrid and bitter; and it has the property of decomposing waterf. 

How are the alkalies of commerce purified for the use of the chy^ 
mist or the manufacturer }• 

Potash or scida is generally mixed with a portion of quick- 
lime to divest it of carbonic acid, and then lixiviated in proper 
vessels to obtain a solution of the caustic alkali, free from other 
impurities. When it is required perfectly pure for nice purposes, 
the alkali is dissolved In alcohol, and purified by a peculiar pro- 
cessj. 

Are the fixed alkalies ever used in a state of combination with car^ 
Ionic acid? 

Carbonic acid gives pot'ashand soda the property of crystallizing 
readily^ : it also renders these alkalies mild||, and fit for purposes' 

air ; by saturating them with any vegetable acid ; or by exposing them in 
a lituation to imbibe carbonic acid. Iribh Transactions, 1799* 

* If equal parts of sulphur and potash are triturated together in a mortar^ 
the sulphur will suon acquire a green colour, the temperature oJF the mix- 
ture will be raised, and a sulphuret of potash will be formed. 

Carbonate of potash or soda will answer for this puipose as well as thf 
pure alkalies J for the heat which is given out by the mixture, enables the 
carbonic acid to pass oiF >n the form of gas. ' ' 

Sulphuret of potash or soda cannot exist but in a dry state. When dis- 
solved in water it becomes decomposed, and sulphuretted hydrogen i* 
formed. 

f If sulphuret of potash or soda be moistened with water, it emits a gas 
extremely foetid, decomposes a part of the water, and becomes bydrogenixed 
sulphuret of soda or potash y owing to its union with a portion of sulphuretted 
hydrogen, arising rrom the decomposition of the water. 

X The different methods which have been made use of to purify the fixed 
alkalies, are detailed at length by Mr. John Thomson in his Notes on 
Fourcroy, vol, i. 373. 

Another method of purifying the fixed alkalies has been suggested by 
Nowitz, which may be seen in Nichoison^s Journal, vol. i. 4. 

Mr. Henry has suggested that the fixed alkalies may be purified from 
sulphate of potash, which generally contaminates them, by means of barytes. 
His method consiBts in' rendering the alkali first perfectly caustic by quicks 
lime, and then adding to the clear solution a warm solution of pure barytic 
earth till the piecipitation ceases. The barytes Peizes the sulphuric acid, 
and leaves'the alkali pure ; which may, if required, be afterwards saturated 
with carbonic acid, in any of the common modes. During its restoration 
to a mild state, any bar)tes that may remain in excess is also precipitated. 

§ Carbonate of soda crystallizes very readily, and by proper management 
crystals of a lage : ize may he procured. Carbonate of potash is not very 
easily crystallized ui.less it he saturated W\x\i carbonic acid, which is never 
the case unless "iturated by art. 

II Caustic^ corrosive that it will corrode glass vessels in whifji 

itiskept,^ embrittle, like earthen-ware half burnt. ' * 
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which they would b? unfit for in a caustic state*. Hence carbonic 
of potash is employed in medicinej and carbonate of soda for 
washing and other domestic uses. 

What is the chymical name ^volatile alkali f 

It is called ammonia. 

What are the properties of ammonia f 

Ammonia is urinous and caustic ; but it does not corrode ani- 
mal substances like potash or soda. Its most simple state is that 
of gasf. In some di its combinations it is so extremely volatile^ 
that it will bear no degree of heat without being dissipated^. 

As this alkali is a gaseous substance ; how has it ever been applied 
in the arts ? 

Ammonia has an a£|nity for water§, with which it readily 
combines^ and forms liquid ammonia ; in which state it is general- 
ly used 11 . 

What is the composition of ammonia ? 
' Ammonia is a compound of hydrogen and nitrogen In the 
proportion of about two parts of the former, and eight of the 
latterf. 

* Carbonate of soda and carbonate of potash are of use in chymical la. 
boratories as re-agents^ being employed for put poses which could not be 
effected by the caustic alkalies. Thus the two fixed alkaline carbonates will 
precipitate baryteti strontian, lime, magnesia, tnar.ganese, and iron, from 
their solutions. This they effect by means of double decomposition. But 
^hen these re-agents are employed to precipitate either of the three latter 
lubstancesy if too much be used the precipitate will be re'dissol*ved : some 
aipetj therefore is requisite in separating magnesia, manganese, and iron, 
fr«m their solutions by this means. 

'\ Ammoniacal gas is lighter than atmospheric air in the proportion of ^ 
to 5 : it IS, like it, elastic and invisible \ but it causes the death of animals 
that* are obliged to breathe it. 

' i Ammonia has another property peculiar to it, viz. that of reducing the 
oxides of metals to a metallic state. Ammonia being composed of hydrogen 
and nitrogen, the hydrogen seizes the oxygen from the metal and forms wa» 
ter, while the nitrogen escapes in a gaseous foim. Some metals are oxidized 
and dissolved by liquid ammonia. 

§ Water is incapable of dissolving eilher-hydrogen or nitrogen, and yet 
when these are united in ammonia their nature is so changed that they become 
very soluble in water. 

I Owing to the levity of ammoniacal gas, the water becomes specifically 
lighter as it combines with it. Hence its solution is always lighter thao, 
water. 

A cubic inch of ammoniacal gas weighs only 0*27 parts of a grain, while 
atmospheric air weighs 0*46. 

q.Oae thousand parts of ammonia consist of 807 parts of nitrogen, an4 
193 parts of hydrogen. This is the result of experiment 5 we have there- 
fore an 'accurate knowledge of the composition of this alkali. 

By the following process ammonia may be forme'd, so as to become evi- 
dent to the senses in a short time ; Take some filings of tin or zinc, po^ 
ihcm some moderately dilute nitrous acid. After a short time mr in 
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Ij this aliaK capable of being decomposed f 

Yes: ammonia ma7 be decomposed by the electric spark. 
Oxygen gas will also decompose it by the assiftance of heat — 
and nitrous acid and water will be the result*. If passed o^er 
red-hot charcoal, it will combine with part of the charcoal atid 
form prussic acid. 

How is ammonia procured ? 

All animal and vegetable substances will furnish amn\onia when 
It) a state of putrefactionf *f but this alkali is procured in England 
chiefly by a dry distillation of bones, borns^ and other animal 
substances:}^. 

rqixture some quicklime, or caustic alkali, and a very strong pungent stpell 
of ammonia will be produced. For the rationale of this experiment consult 
J)r Rees^s New Cyclopaedia, article ammonia. See also Higgins on Aifnmo* 
nia, and a curious paper by Dr. Milner, in the Philosophical Trans, vol, 
Ixxix. 30O. 

Though the nature of amnaonia is wel] known, wc have not been ahle as 
yet to form it by a direct combination of its constituent principles. 

* Dr. Priestley was the first chymist who decomposed ammoniacal gas \ but 
I believe Berthollet was the first who proved its compQsition by synthesis a* 
well as analysis. 

The decompqsitipn of ammonia may be shewn hy the following experi- 
ipent! Fill four-fifths qf a long glass tube with strong oxygenized muriatic 
.ncid, and the remaining fifth with water strongly impregnated with ammo* 
nia, and invert it in a sauce^of ws^ier. When the tube is inverted, the am- 
monia, on account of its lightness, will pass through the oxygenized muria- 
atic acid ; but by its passing a Strang effervescence is produced, and a decom- 
])08ition fnsues. When the efiervescence has ceased, a portion of nitrogen 
gas will be found in tl^e tube. 

In this e^rperiment the oxygen of the oxygenized muriatic acid con^biuea 
with the hydrogen of the gmmonia, and forms water } while the other com- 
ponent ptirt of the ammonia, nitrogen, becomes disengaged in the form of 
gas. When the oxygenized muriatic acid is thus reduced to common muria- 
tic acid, it unities with s^nother part of the ammonia, and forms with it muri- 
ate of ammonia. Accum, vol. i. 315. I believe this experiment was firs^ 
shown by Mr. Davy, at the Royal Institution. 

f As the quantity of ammonia obtained from different subRtances corre- 
f ponds wiih the quantity of nitrogen which they contain, and knowing that 
ammonia is one of the products of putrefaction, it has occurred to me that a 
manufacture of volatile alkali might be established with advantage on any 
part of the coast where herrings, pilchards, &c. arrive in sgch shoals as to 
be employed in manure fo.r land. Besides, as fish bones contain more phos- 
phoric acid than those of quadrupeds, the bones might be advantageously 
employed afterwards in the manufacture of phosphorus, &c. 

J Ammonia is also found in mineral waters. According to Dr. Austin, 
ammonia is formed whenever iron rusts in water which has a free communi- 
cation with the air. Phil, Tians. vol. Ixxviii^ 379, 

For chymical experiments ammoniacal gas may be procured thus :— MiJ^ 
one part of powdered sal ammoniac with two parts of powdered quick-lime 
in a retort, and apply the heat of a lamp, which will disengage the gas in 
^\j0 On account of its affinity for water, the gas must be receive4 
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al gas may be procured also by heating liquid amn;ionia> and 
gas as before. 
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* UHsai an the uses tf ammonia ? 

In a liquid state ammonia has various uses in our manufacta-> 
ries*, and in mediciiief ; it is a valuable re-agent to the chy- 
nust:^ ; ^nd when combined with carbonic aeid it takes a concrete 
form and a beautiful white colour, being then the article known 
in commerce by the name of volatile salts ^ 

Are there any other || uses to which ammonia is applied ? 

Ammonia is serviceable in dyeings and in staining ivory; but 
it^ principal use is in making the muriate of ammonia^ of which 
it is the basis. 

How is ammonia formed into muriate of ammonia ? 

Muriate of ammonia is formed by combining ammonia with 
muriatic acid. It is known in commerce by the name of saUam* 
WMtac %• 

Muriatic or acetic acid are the usual tests employed to discover the presence 
of ammonia. If either of these be held over aqua-amn»onia, white fumes 
will appear, which are owing to the ammonia unitikig with the acid, and 
forming therewith a neutral salt in a vikible form. 

* Ammonia is of use in making archil, an article in great demand with 
the dyers. A Florentine merchant about the year 1 300, having accidentally 
observed that urine, which contains ammunia, imparted a very fine colour to 
a certain species of moss, he made experiments, and learned to preparo 
archil. Berthollet. 

f Ammonia is a valuable medicine where the ]^timours are too much oxy* 
^iced. It speedily produces great weakness in the animal organs. 

X The uses of ammonia to the chymist are many and important x hardly 
ioy complete analysis can be made without it. It discovers the prtience of 
copper in solution, by imparting a blue colour to the solution. 
* It it said that this alkali will give to ne^w brandy all the qualities of that 
of the oldest date. The method consists in pouring five or six drops o^ 
aqna-ammonta into each bottle of brandy, and shaking it wellj which 
combinei with the acid, on which the taste and other qualities of the new 
liquor depend. Bib. Phys. Ecun. 

( When ammontacal gas is passed into carbonic acid gas, the two gases 
become condensed, and a crystallization of carbonate of ammonia, in silkv 
fibres or fine powder, takes place upon the internal surface of the vessel.-^ 
Hue is a beautiful experiment ; but it must be made over mercury, and not 
upon water, as water witl absorb the ammoniacal gas. 

I It has lately been discovered that ammonia is useful in vegetation. $e«s 
Dr.DiM'win^s Treatise on Agriculture and Gardening. 
' Muriate of ammonia has been found native in the neighbourhood of vot- 
daos'^ in some of the mountains of Tartary and Thibet, and in the waters 
.^P^^ome lakes in Tuscany. 

^^''Ftt Great Britain aqua-ammonia is saturated with sulphuric acid, which 
lorni ^sulphate of ammonia. This is decomposed by muriate of soda, fVom 
wbi^h rceult muriate of ammonia and sulphate of soda. The former is sub» 
Kneil into cakes, and the latter crystallized for Glaubcr^s salt. 

In France a very considerable manufactory of sal-ammoniac was estiiblish. 
Q .Ma few years ago, on a plan very different to the usual practice. Lehlanc de 
^ ■ Pkaiciade v»as the author of the process. He covered the brick floor of an uvto 
Wated to redness, with common salt, and poured thereon sulphuric acid. 
The muriatic gas which arose was conducted by a brick gutter into a laige 
bira Chatt)ber, where it met with a stream of ammoniacal gus, conducted 
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Muriate of ammonia being formed by two gaseous substances^ how 
does it acquire solidity ? ^ 

It may appear surprising that the union of two gases should 
produce a hard ponderous body^ hut this may be attributed to 
their loss of caloric. The bases of these gases having a greater 
affinity for each other than they have for caloric^ they combine 
intimately whenever they come in contact ; and the compound 
having less occasion for caloric than the separate ingredients^ the 
caloric is given out, and a solid is produced^. 

What are 'the uses of sal-ammoniac P 

Sal-ammoniac is used in many of our manufactories, particu- 
larly by dyers, to give a brightness to certain coloursf ; also by 
braziers, tinplate- workers, and others; and in medicine. 

From whence was salammoniac procured before it was made in this 
couf4ry ? 

Sal-ammoniac was formerly brought from Egypt sufficient for 
the supply of all Europe :|: ; but it is now made in various parts 

thither From animal matters burnrngat the same tim^in three iron cylinders, 
placed in a furnace hesi(le the former. Thes6 gases condensed by mixture^ 
which was hastened by an eolipile heated by the same furnace. 

A full account ot the process may be seen in Annales de Chimie, torn. xiXi 
<i : it win, however, be better understood by examining a drawing of the 
apparatus in one of the volumes of the Journal de Physique j but not having 
at present access to that wofk, I cannot point out the volume in which it may 
be seen. 

Sal-ammoniac is very profitably formed in France also by the distillation 
of animal substances, and mixing the aqueous product with the mother- 
waters of the saline springs of La Meurth, Mount Blanc, &c. which contaia 
muriate of lime and muriate of magnesia. By this mixture a double de- 
composition takes place, and the carbonates of lime and magnesia, being 
insoluble, precipitate, while the muriate of ammonia remains dissolved. The 
latter solution is then evaporated to dryness, and the salt sublimed for sale* 
See Annales de Chimie, tom. xx. i86. 

* This mixture may be considered one of the most striking chymical 
combinations with which we are acquainted. Ammoniacal gas, and muria- 
tic acid gas, are two of the most pungent and volatile substances we know 
of ; they are so volatile and gaseous that neither of them can be condensed 
when in a state of purity; and yet these gases are no sooner thrown together 
than they form a solid and inodorous substance, void of volatility, aud of 
little tattc. 

t Sal ammoniac is used also by dyers in what they call composition, it is 
employed to prevent the tin from precipitating. In tinning metals it is used 
to cleanse the surfaces, and to prevent them from oxidizing by the heat 
which is given to them in the operation. This salt is used also in the assay 
of metals, to discover the presence of iron. 

X Sal-ammoniac acquired its name from the Temple of Jupiter Ammon, 
it being first made in the neighbourhood of that temple. According to Pliny, 
'here were large inns in the vicinity of this famous temple, where the pil- 

ims who came to worship, lodged ; and who usually travelled on cameU. 

^e proprietors of t^ese Ntribles hnd some contrivance for preserving and 
ctrntia'ing the mine v;f ihtse beasts, and the salK which it produced 
e afterwards sublimed in glass vessels for sale. Pliuy, lib. xxxi« ch« 7v 



of Great Britain, particularly in Scotland, where it is formed by 
a peculiar process from soot. 

If ammonia capable of entering into any otfjer combinations ? 

Tes : ammonia is capable of forming salts with the sulphuric^ 
nitric, fluoric, and most other acids^. 

Can you recapitulate the origin of the different alkalies? 
' Tes ; the volatile alkali is procured from bones and other anr» 
mal matters ; the vegetable alkali from the ashes of weeds and 
burnt wood \ and the mineral alkali from sea-saltf , or muriate 
of soda, and the ashes of marine plants. 

What is the natural inference from a consideration of the nature and 
production of the alkalies ? 

The reflection which naturally arises from a consideration of 
this subject, is, that the pristine organization of matter, whereby 
the efl^ete recrementitious parts of animals and vegetables are 
made capable of producing useful and powerful substances, evinces, 
that infinite Power and Wisdom, conjoined with consumniate 
Beneficence, can effect the most important changes, by the most 
■mnlikely agents; and can convert to valuable purposes, substance^ 
which to us zppe^r totally useless and inert:|:. 

* tf ammuniacal gas be brought in contact with either of the acid giMff ' 
th^ both lose their aeriform appearance, and a solid tait id produced. 

These talts are called ammoniacat salts. For an account of their proper^^ 
ties consult the chapter on Salts. 

i* Soda m^y readily be procured from muriate of soda, common salt, by 
methods alluded to, page iii. As the act of parliament which imposes the 
tax upon salt, allows it to be used duty free for the separation of mineral al« 
latltj to be conhumed in making glass, a manufacture of soda has withia 
these few years been established for that purpose at Wormbridee, near 
Wellington, in the county of Salop. I understand that at this place con- 
lidef^ble quantities of martial pyrites are found intermixed with coal, and 
Aat the sulphuric acid obtained from this mineral is used in the decomposi- 
tton. I have found by experiment, that if muriate of soda can be converted 
by any means to a sulphate^ carbonaceous matter alone will furnish the de* 
composition. 

X .This truth is beautifully illustrated by Dr. Darwin, in the foll9win|^ 
. JiBe$i««- 

« Organic forms with chymic changes strive. 
Live but to die, and die but to revive ; 
. Immortal matter braves the transient storm, 
Mounts from the wreck, unchanging, but in form,'| 
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CHAPTER VIL 



OF ACIDS- 




Most of the acids arc substances tirfaich {xrodnee that •^^ t tm i 
on tbecODgue which we call smir\\ bm some substances are chnt- 
ed with the acids which have not this characteristiC'^tho«dl 
they possess the other properties of acids. 

What are the propertiis ef mcids ? 

Acids change riie bhie juices of tegetables to red j:; tomhite 
for the most part easily with water j and when united to the 
tlkalies§, or to some of the earths, or metallic ozidesB, form 
those compounds which are called sdlts^ 

• * Thf acidi dilTer from eaeh other in their appejutiibce and prdpertict 
ill much Us any class of bodies we are acc|uainted with ; it is therefore difi* 
t'tflt to ^ive a definition of an acid. In general they are liquids, but toine of 
them' taKe a solid, and others a gaseous form ; some are mild, others corrtf* 
Sive I fiome are pungent and Tdatile, others are fixed and inodorots. 

f Ac^orcKng to Fourcroy, the stronger the attraction of oxygen for iSkt 
acidi fiable radical, the weaker is the taste of the acid % this showtf that die 
corrosive ^Oahty of the stronger acids is owing to the easy separation of this 
principle, and its itaofe or less rapid transmission to animal substances. 

\ It is desirable as soon as possible to give the chymical student correct 
ideas of the properties of the acids and alkalies. To this end, let him b€ 
^arly instructed m the use of chymical tests. If he be accustomed to carry 
a few test pipers in hit pocket book, it will be a very rational amusement to 
tiv (he succulent vegetables which he will meet with in his walks, many of 
%hivh will be found to contam acids of different kinds. The hupe of ma- 
kinir an im|H>i taut discovery will furnish an additional ze&t to this employ- 
tMwXs l.itmu» pA|^r is A good test for acids \ and the same paper when red^ 
deucd hy vine|;»), ami aftviwaitis dried, is a proper test for alkalies. Should 
litmus not be at hau^» tHmmuw wnling paper rubbed over with the rind of 
the radi&h will answer evrw |\ui|HMk^» 

S AH tho>e subnance* whuh v*w Mtttrate the alkalies^ and cause their 
propertict to ditapprar. ou^hi tv» U aX^A^K ^mong acids. 

1 ^IT^l* € •" •^"'"^ **^ ^^'^ '^♦^ alkfii^ and rottallic oxidtf|F 
■ ^e«M great vtturt-i^SiiH, ^ . ^^ ' 
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What if the origin of acids? 

Most of the acids owe their origin to the combination of cerr 
tain substances with oxygen *, which has been called the acidify- 
ing principle. 

How is it known that oxygen imparts acidity ? 

It is found that most of the acids contain oxygeni and tha( 
they lose their acidity exactly in proportion to the quantity of 
oxygen which is taken from themf • 

Are there any other means of ascertaining this? 

Tes : some acids may be decomposed and deprived of their 
•xygen, and others may be formed by a direct combination of 
oxygen with their radicals^. 

Do the same radicals always combine with an equal portion ofoxy" 
gen? 

No : some acidifiable radicals combine with different propor« 
tions of oxygen, and possess different states of acidity^, 

* The substances which are combined with oxygen to form acids are (in 
all the decomposable acids) combustible substances. Indeed several of the 
acids are the product of combustion i witness the sulphuric^ the phogpho* 
ric, &c. 

All the simple combustibles, except hydrogen, are convertible into acids. 
This is the case also with four of ^he metals. All bodies, to which the 
properties of an acid have been ascribed, are either combustibles, supporters 
iX combustion, or products of combustion. Thomson. 

It is proper to remark that some of the acids are the productions of art, 
md are not known to exist in nature. This is the case with the mucous, the 
suberic, the oxygenized muriatic, &c. 

f Many of the acids may be decomposed, and deprived of their oxygen, 
by combustible bodies. Any combustible body, that has a greater affinity 
for oxygen than oxygen has for the radical of the acid, will decompose that 
acid. Charcoal, when made red hot, will in this way decompose su!« 
phuric acid. By the disengaged oxygen of the acid the combnstible burns $ 
so that, in the language of the French chymists, the acid may be said to 
be unburnt and brought back to the state of a combustible body. 

\ This can be shown by the composition of sulphuric acid, which may be 
formed with very little trouble in the following manner t Fill a jar with oxy- 
gen gas, and invert it upon a plate covered with water. Put a little flour of 
sulphur into a small iron or tin cup, and place it upon the plate of water un- 
der the jar, and then set fire to it with a red hot iron wire. The sulphur will 
burn with great rapidity, and will be entirely converted into sulphuric acid, 
which may be concentrated by evaporating the superfluous water. In this 
process the combustion of the sulphur is nothing more than the union of the 
sulphur with the oxygen gas, which combination forms a substance widely 
diTOrent from either, viz. sulphuric acid gas. The use of the water is to 
absorb this gas, and render it a fluid, which we call sulphuric acid. 

If oxygen gas be not at hand, the experiment will answer in common air, 
if the sulphur be mixed with j of its weight of nitre. 

§ The first portion of oxygen converts bodies into oxides ; the second, 
into that class of acids of which the specific names drawn from their particu- 
lar bases terminate in ous^ as the sulphurous acid ; the third degree oi oxy- 
genizement changes some of these into that division of acids which a< 
tinguished by the termination in iV, as the sulphuric acid ; and lar 
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How do chymists distinguish this dijference ? 

When two acids have the §ame radical, but contain different 
quantities of oxygen, they are distinguishable by their termina- 
tion*. The name of that which contains most OKygen ends in 
ic, the other in ous. Thus we say sulphuric dLcid, and sulphurous 
acid; phosphoric Sicidf znd phosphorous acid. 

Have acids ever any other degree of acidity F 

Chymists have attempted to supersaturate several of the acids 
'With oxygen, but they have succeeded only in one instancef • 

Which of the acids has been thus supersaturated with oxygen s^ 

The muriatic acid. In this state it is used in large quantities 
lor bleaching linen. It is called oxygenized muriatic acid %, 

What substances are. capable of being acidified by oxygen ? 

The mineral, the vegetable, and the animal kingdoms, all 
furnish bases or radicals^ which become acid by their union with 
oxygen §. 

Do all the acids owe their acidity to the presence of oxygen ? 

The greater number of the acids are evidently indebted to oxy- 
gen for their acidity, but there are substances that possess acid 



can express a fourth degree of oxygenizement by adding the word oxygenixed 
to the name of the acid, as oxygenized muriatic acid. 

* It is necessary to remark that thi< mode of distinguishing the doses of 
oxygen m acids is restricted to that class of acids which is formed by the 
combination of one simple combustible with oxygen, and does not apply 
to those acids which are formed with compound radicals and oxygen. Nit- 
rous acid is merely a compound of nitric acid and oxygen. 

Thomson. 

•f- The world is indebted to Scheele for the discorery of this combination 
of ox>gen with an add. \\t named it the dephiogisticatcd marme acid; 
supposing thai it was formed by depriving common muriatic acid of its 
phlogiston. 

^ Thuugh this compound has hitherto been classed among acids by chymists, 
it does not posfcss a single property which characterizes that class of bodies. 
Its taste is not acid, hut astringent ; it does not convert vegetable blues to 
red> but destroys them j it combines very spat ingly with water, and is in- 
capable of combining with allcalies, earths, or metallic oxides. It ought 
iheitfore to be placed among the oxides,, rather than the acids. 

Thomson. 

§ The mineral ac ds are entrally formed wiih a peculiar base and oxygen r 
the vepetcible acid-, with carbon, hydrogen, and oxygen ; the animal acids 
are compo!>ed of the same substances united with nitrogen. 

Some of the mmeral icidiJ are decompo^eable by charcoal heated to redness. 
Some of the vegetable acids are also decomposed, and reduced into water and 
carbonic acid, by leaving them in an exposed situation to the action of their 
own principles. Some of them may be converted to other acid?, by imparting 
or abstracting a portion of oxygen. 

The nimal acids aie the most liable of all to decomposition. In an 
elevated temperature the carbon and oxygen unite to form carbonic acid, an.^ ' 
9 hydxogen and nitrogen produce Toiatile alkali* 
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properties which contain no oxygen*. There are also three acidi' 
whose composition is unknown f . 

How are the acids classed by.chymists? 

The acids were formerly divided into three classes, viz. the 
mineral, the vegetable, and the animal acids^:; but the more 
useful and scientific way of dividing the acids is into two classes 
only* 

How are the acids now divided^ ? 

The undecomposeabie ^cids, and the acids which are formed 
witti two principles, are comprised in the first class ; while those 
acids which are formed with more than two principles compose 
th^ second class ||. 

Can you enumerate the acids of the first class ? 

Ttie sulphuric and sulphurous acids -, the muriatic and oxygen- 
ized muriatic acids \ the nitric, the carbonic, the phosphoric and 
phosphorous, the fluoric, the boracic, the arsenic^ the tungstip^ 
the molybdic, and the chromic acids. 

Enumerate the acids of the second class ? 

The acetic, the oxalic, the tartaric, the citric, the malic, 
the lactic, the gallic, the mucous, the benzoic, the succinic, the- 
camphoric, the suberic, the laccic, the prussic, thcsebacic, the 
uric, and the amniotic acids. 

What is the SULPHURIC acid? 

The sulphuric acid is a combination of sulphur and oxygen^. 

* Sulphuretted hydrogen has all the properties of an acid without oxygeiu 
And it bag nut yet been proved that prussic acid contains any oxygen. 

t rhoftC acids, whobe bases are still unknown, are the muriatic, the iiuoiic« 
and the boracic. 

X There can be no objection to retain the former mode of classing the acids, 
,it}ht binary compobitiun of the first, the ternary of the second, aad the qua- 
tinuuy of the third, be always recollected. 

J Thuseacids of the first class, which are formed with two principles only, 
arecofhposed of oxygen and some other substance which is called their radical. 
The acids uf the second c]as« are composed chiefly of oxygen, hydrogen, and 
earbon^ though some of them contain nitrogen, as mentioned in a former 
Mte. 

I PoaVcroy in his last work, entitled ** Philosophie Chimique,** divides 
the acids into four classes .* fst, those with known radicals; 2d, unknown 
ditto; 3d, single ditto; 4th, compound ditto: but I conceive that the above 
division is better calculated for an elementary treatise. 

In the first class we have also the hyperoxygenized muriatic acid ; but as 
this acid has nc^er^been exhibited in a separate state, its properties are veiy 
little known. 

Id the second class we have also the mellitic acid ; but as this acid has 
beei found only in a very rare mineral, its propeities are likewise very little 
kttovvn. 

f One hundred parts uf pure solid sulphuric acid have been said to consist 
of 72<parts of sulphur and 28 of oxygen ; but, according to some late expe 
fflents of Mr. Chenevix, it is composed of 6i.-5 sulphur and 38.5 oxygci 

By comj>aring the above with Mr, Krwan's table of the quantity ot 



126 ACID. dap. 7.] 

It is commonly called oil of vitriol*. 

How is the sulphuric acid obtained P 

Sulphuric acid is procured by burning sulphur in contact with 
oxygen ; by which process the sulphur combines with the oxygen, 
and becomes acidifiedf • 

If sulphuric acid is nothing more than sulphur and oxygen^ what is 
it that occasions its Jluidity ? 

Sulphuric acid, at the instant of its formation, is in a gaseous ' 
state \ therefore the manufacturers find it necessary to condense 
this gas by means of water. Hence the sulphuric acid of com- 
merce is always in a fluid state |. 

What are the properties^ of sulphuric acid ? 

acid contained in sulphuric acid of difFercDt densities, it appears, that the 
concentrated suiphurtc acid of commerce is composed of 

Sulphur - 49 
Oxygen - 30 
Waicr - 41 

IQO 

* This acid was formerly drawn from green vitriol (sulphate of iron) « 
hence its name. It has been remarked that the old name 0// conireys an 
erroneous idea of the composition of this acid, and that on this account it 
ought to be entirely dropped. Oil is a compound of carbon and hydrogen y 
but neither of these substances is contained in sulphuric acid. 

\ The pupil may be satisfied that sulphuric acid is really produced by 
the combustion of sulphur, by burning a little sulphur iii a glass jar of 
oxygen gas inverted over water, as directed, page 123. He may immediately 
see that sulphuric acid has been formed by adding a few drops of a solution 
of muriate of barytes to the water, from which it will precipitate the barytes. 

X In the large manufactoriei for making sulphuric acid (called oil of vitriol 
works) the sulphur is mixed with |th of its weight of dried nitre, and burnt 
in very large leaden chambers. The design, in using the nitre, is to give a 
larger quantity of pure oxygen gas than could be afforded by confined at* 
mosphcric air alone. The floor of the chamber is covered with water, that 
the sulphuric acid gas may be condensed as it is formed. An indefinite 
<]iiar.tiiy of water is poured into the chamber; and when the manufacturer 
fir.fls that it is become sufficiently acid, this acid water is drawn off and con- 
centrated by boiling. It is then removed to glass retorts, where it receives 
a greater heat to drive off a further portion of the water. It is considered 
fit for sale when it is brought to the specific gravity of about 1. 845. By 
keeping it in the retorts for a long time, and in a temperature sonriewhat 
lower, it may be concentrated to the specific gravity of z.ooo; but it is never 
brought to this gravity for general sale. 

It is possible to render Bulphuric acid perfectly transpaient without retort- 
ing; but such acid is always contaminated with sulphurous acid and nitrous 
gas. The heat which it acquiies in the retorts separates these acids, which 
go off in c^ mbination with the water in a gaseous state, 

§ When sulphur is combined with a smaller portion of oxygen it forms A. 
Volatile acid of a penetrating smell, called sulfhurous acid ; a larger portion 
of ojcygen gives what we call sulphuric acid, which on the contrary is very 
ponderous and destitute of smclU 
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The sulphuric is a very ponderous* corrosive acid, destitute 
<>f colour and smell, and has a very strong acid taste. It has a 
great attraction for waterf, and, when combined with the alka- 
lies, the earths, or the metallic oxides, forms with them those 
salts called sulphates ^^ 

What is the SULPHUROUS add? 

The sulphurous acid, like the sulphuric, is a combination of 
tndphur and oxygen; but it contains less oxygen than the lat- 
ter $. 

What are the properties of sulphurous acid ? 

Sulphurous acid in the gaseous state is invisible like air, but 
of a strong suffocating smell ||. It is readily absorbed by water, 

* Sulphuric acid will sometimes freeze, and endanger the bursting of the 
QUrboys in which it is contained. Whenever this happens, it is ^ proof that 
the maaufacturtr has not sufficiently concentrated it. If it be brought only 
to the specific gravity of about 1.780, it wiJl freeze much sooner than water. 
Mr. Kier first pointed this out in the Philosphical Transactions for 1787. 

f Sulphuric acid has a great affinity to water; it combines so intimately 
widi it that the water becomes very much condensed, and gives out a large 
portion of caloric. Four pounds of this acid mixed with one pound of 
watter raised the thermometer to 300^, 

The sulphuric acid of commerce is never perfectly pure— it always con- 
tlin$ a portion of sulphate of lead and sulphate of potash. The former 
comes from a partial dissolution of the lead of the chamber in which it is 
fpade^ and the latter from the nitre ^hich it always used in the process* 

Concentrated sulphuric acid does not act upon lead unless by the assist- 
Ance of heat. It acts slowly upon iron; but if diluted it dissolves iron with 
jgicat rapidity. Excepting iioii and zinc, most of the metals are insoluble in 
Slated sulphuric acid. 

{ Sulphuric acid is a good test for barytes. Pour a little into a solutioa 
ef nunriate of barytes, and an abundant precipitate of sulphate of barytes 
^ill be produced. It is also a good test for lead. 

. I know only of one case in which this acid will not discover the presence 
oF baryteSy and that is when sulphuric acid is contaminated with this earth* 
Mr* Huihe has shown, in the Phil. Mag. vol* xiv. 357^ that sulphate of 
barytes is completely soluble in sulphuric acid* 

.$ Sulphurous acid gas is produced by the sloiv combustion of sulphur. 
If this gas be received in water, the gas combines with it, and sulphurous 
acid will be the result* Water at 40^ absorbs one third of its weight of 
talphurous acid gas. 

Sulphurous acid gat may be procured by the following process : put into 
a glass retort two parts of sulphuric acid and one part of mercury, and ap« 

eT the heat of a lamp; the mixture effervesces, and a gas issues from the 
akof the retort, which may be received in glass jars filled with mercury and 
jtanding in a mercurial trough. Dr. Thomson. In this process the met- 
cury combinei with part of the oxygen of the sulphuric acid ; and the sul- 
phuric acid, having lost a certain portion of its oxygen, is converted into 

4mfyhwr$us acid* 

Any combustible substance will in part decompose sulphuric acid, by ■ 
CDOibining with a portion of its oxygen, and sulphurous gas will be 
cvoivM* 

-I This gas is very abundant in the environs of volcanoes. It was the 
▼apour of sulphurous acid which suffocated: Pliny the naturalist^ in that 
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jand then forms liquid sulphurous acid. It is capable of uniting 
Viiih various bases, and forms salts called sulphites. 

What is the MURIATIC add? 

The muriatic is a {>eculiar acid obtainedf from sea-salt*. It had 
been supposed that it acquires its acid properties from oxygen ; 
but however this be> the radical or base of this, acid is still un- 
knownf. 

What method is tnad^ use of to collect* and preserve the muriatic 
acid? 

Muriatic acid is drawn jGrom sea-salt by distillation^ and col- 



eruption of Vesuvius by which Herculaneum was swallowed up in the year 
of Christ 79. Anxious to observe the effects ot the eruption, he staid in 
the bouse of a friend too long, and paid for his temerity with his life. 

Sulphurous acid gas is composed of 68 parts sulphur and 32 parts oxygen. 
Hs weight is more than double that of atmospheric air. 

This gas has been prescribed by physicians in affections of the ]ung(«» and 
in those diseases which are owing to an excess of oxygen in the system. 
The liquid acid is administered in asthmas. 

Sulphurous acid gas is used by manufacturers in -bleaching silk. A slov^ 
combustion of sulphur is promoted in a close chamber, and the goods are 
exposed to the gas as it ip produced. The same process is employed to alter 
the hue of different colours. Thus, silks which are dyed by archil of a 
dark lilac are brought to a beautiful flesh-colour by exposure to the funoes 
of this gas. Flesh*coIoured silk stockmgs are coloured in thib way. 

Sulphurous acid possesses very slight acid properties. Instead of chang- 
ing vegetable blues to a red. it invariably renders them white, if a red 
rose be held in the fumes of a brimstone match, the colour will soon change^ 
and at length the rose will become white. By the same process, fruit st»int 
or iron-moulds may be removed from linen or cotton cloths, if the spots be 
previously moistened with water. 

* Glauber was ihe first who procured this acid from sea-salt by means of 
sulphuric acid ; but the directions given by him in the first part of bjs 
Treatise on Philosophical Furnaces, 1651, quarto, page 9, are truly ludicrons 
and absurd* 

This acid was known only in a liquid state till Dr. Priestley taught tnr 
how to procure it perfectly pure in a gaseous form. 

Mr. Chenevix has proposed a new nomenclature for this acid and its com» 
binations with oxygen :— -he proposes to say 

Muriatic radical \ r Muriatic acid, 

Muriaious acid > instead of v Oxygenized muriatic acid. 
Muriatic acid ) (^ Hyperoxygenized muriatic acid. 

Phil. Trans, vol. xcii. Ji$^ 

\ Dr. Girtanner supposed the base of this acid to be hydrogen 5 .bm no one 
has taken so much pains to ascertain its nature as Mr. Henry. See hit paper 
on this subject in the Phil. Trans, vol. xc. 188. 

Berthollcn has published a memoir, in which he endeavours to prote tfutt 
this acid is composed of nitrogen, hydrogen and oxygen. He says that if 
iron filings moistened with water be exposed for some days to the air, they 
will exhibit evident traces of the presence of muriatic acid. 

Dr. Lambe, an ingenious physician, late of Warwick but now of this 



leeted iii Appropriate receivers, where it is condensed by meanik 
of water, for which it has powerful affinity*. 

fF'iat are the properties of muriatic adds ? 

This acid in the gaseous'f state is invisible like air ; has a pun« 
gent su0bcating smell \ and is not decomposeable by art \. With 
water it forms liquid muriatic acid, which preserves the smell 
of the jEfaS) tad gives out white fumes when exposed to the air* 
This acid is much employed in the arts$^ and in chymical la- 



city, 18 of opinion that sulphuretted hydrogen it the base of thifl acid. See 
Manche&tei Mem. vol. v. 

It was lately announced thai muriatic acid has been procured from thi 
decomposition of water by the Galvanic pile ; but it is supposed that the re- 
porters were deceived in the result of their experiments, and that the acid 
pTuceeded from the perspirable matter which exuded from the baitds of the 
operators | as it is well known that muriate of soda does actually exude from 
the skin, 

* This acid is disengaged from muriate of soda in the state of gas, by s 
process similar to that for drawing the nitric acid } it preserves its gaseous 
state even in the coldest temperature, unless it come in contact with water* 
it is combined with so large a portion of caloric, that if it be thrown upon 
ice it melts it in an instants It is nearly double the spec. grav. of atmot* 
pheric air. 

Liquid muriatic acid, or water saturated with this gas, is about the spec^ 
grtv. 1. 1 96. The muriatic acid of commerce varies from about i.iao to 
ibout 1.164. 

Bergman says, that too parts of muriate of soda contain 51 of muriatie 
acid and 6 of water. That this statement is erroneous, spy chymist may 
satisfy himself of by experiment. I have frequently tried it in the large 
way, and could never procure more than 44 parts of acid and water fron 
ieo parts of dried muriate of soda. 

t Muriatic acid gas may be obtained for chymical experiments, by pour- 
ing one part of sulphuric acid upon two parts of dry muriate of soda in a ta« 
belated retort, and collecting the gas, as it becomes disengaged, over mer- 
coiy in a pneumatic apparatus* This gas may also be procured by heating 
the muriatic acid of commerce in a glass retort, and collecting the gas over 
aier^ury as usual. 

Itetortt are not always of glass } they are sometimes made of stone-ware, 
or tren« They are of various sizes, from eitrht ounces to eight or nine gal-i 
kms* The best stone- ware retorts are made by Messrs. Wedgwood and 
Byerley^. Glass ones may be had at the large glass warehouses in London^ 
and elsewhere. 

X Sulphuric^ phosphoric, nitric, and other acids may be decomposed by 
charqgal x muriatic acid is unalterable by any of the combustibles with which 
we aie acquainted. 

Muriatic acid will decompose the carbonates, the phosphates, and most 
«4er salts. 3 but it is itself generally expelled in its turn by the sulphurie 
kod. 

mte 
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ixMratories. Wkb Taripiis bases it forms salts, caUed muruiUs\ 

W'bai is he OXrOMNIZ^D MUMIATIC acid ? 
The oxygenized muriate acid is formed with muriatic acid and 
cjxygen f . It is known in the ga^ous state, and in combination 
wKh. water*, in the latter it is commonly used in the arts. 
What aire tie prc^erties ^ oxygenized muriatic acid f 
'^^ ^JS^^^^^^f^^ acid gas is so su^ocatiog, that it can* 



* Muriatic acid attacks oxide of iron with more rapidity than the mlphuric. 
Itditsolves tin and lead. At a boiling heat it oxidizes copper.' 

Muriatic acid removes the stains of common ink, but it does not affect 
printers-ink. It is therefore recommended for cleaning old books and prints, 
iiilf an ounce of red-lead being added to three ounces of common muriatic 
acid, will render it fit for this purpose. Parkinson. Where writings have 
been eAced for fraudulent purposes with this acidf sulphuret of ammonia 
■Ad prnfMiate of potash will revive the writing* and discover the artifice. 
Very old writhig may be revived in this way. If indigo and oxide of maa* 
ganese be added to common ink, it will prevent its being. efl^Med by oxy* 
"^l^enized muriatic acid. 

:-The citric acid ts proper for removing ink stains from linen, but they are 
best removed when recent. If they remain long on the cloth, the iron, of 
the ink acquirer that degree of oxidizement which renders it insoluble in acids. 
\|llicn ink stains are thus become what are called iron-moulds, they may bt 
removed by oxalic acid, or by first washing them with a solution of sulpha- 
set of potash to dbsoib the oxygen, and then applying the acid of lemon it 
vsual. 

\ Oxygenized muriatic acid is composed of 84 parts muriatic acid and 16 
parts oxygen. The hyperoxygenized acid is formed with 35 parts acid and 
65 parts oxygeii? Mr. Chenevix, Phil. Trans. iSos. 

Muriatic acid has a great affinity for oxygen. When fully oi^ygenized 
it seems to have lost all its acid properties, as it becomes incapable even of 
expelling carbonic acid from alkalies or lime. If oxygenized muriatic acid be 
exposed to light, the light combines with part of the oxygen, and the oxy^ 
genized muriatic acid is then converted into common muriatic acid. 

The effect of giving a dose of oxygen to this acid is quite the reverse of 
the acid of sulphur, it being rendered more volatile thereby, and of a very 
penetrating smell j whereas the addition of oxygen to sulphurous acid gives 
It more density, and renders it quite inodorous. The combination of oxygea 
pives a greenish yellow colour to this gas. Common muriatic acid gas is 
invisible. 

This gas may be obtained for chymical exoeriments by the following me- 
thod t Put into a retort one part of black oxide of manganese in powder; and 
having poured three or four parts of strong muriatic acid upon it, connect 
the retort with the pneumatic trough, and receive the gas over water. Whea 
the ascension of the gas slackens, apply the heat of a lamp, and it will 
be disengaged in abundance. 

The variolous poison will not take effect when mixed with oxygenized 
muriatic acid. Fourcroy hence imagines that this acid would prevent the 
effects of hydrophobia. See his paper on oxygen in /^nnales de Chimie. 

Accounts have been received from Spain, that in the midst of the. dread* 
ful contagion which reigned in that country, the inhabitants of those honscf 
where fumigations of oxygenized muriatic acid were used, had no attacks ol 
the sickness, and enjoyed the best health. 
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not be brMthed ^hoat great mjur7*ivi^ it «in iiipport eoto. 
bustion. This apid dischargees vej;e|«(Ie cobur&f ; it oxidtiEet 
all the meuls:^, ''^nd is the only i^ ihit Vitl ditsolve gold aod 
platinaj. With varioiu baset it ^rms.iill^ ddled hyperoxygen* 
lied moriates. '"• ,4'- 

WTiOt it trrTMic addf ■<■ -;'' 

Nitric acid ia one of the constituent parts of nitreinrsalt'petreil. 
b is a compositiod of oxygen and nitrogen^, in the propiwtion 

* The death of [he ingenioui and indefatigable Pellctier was occu'ioacd 
hf h!i atteiDpting to retpire thi« gai. Acoaiumption wii the coniequcnec^ 
iMiichia* ihori time prared faiu. Dr. TbomMn, wa\. ii. ii. 

j" Oihcr acidi impart a letlnet* to vegetable colouri) thii make* tlHVK 
white, bf imparting ilt oxygeii ; and is iticif changed thereb}' to comiaoB 
muriatic acid. 

The great uie of oijKcniied niuriatic acid ii in bleaching. The eotooi^ 
bg principle! of vegetable* have a great affinity for oxygen i ibcy thercfbn 
■blurb oygen from thii acid, and atter thi* abiorption are loluble iB alkalies. 
On thii principle the modern piactice of bleaching is founded. The mann- 
bcturer might derive considerable advantage froin the peruial of Mr. Rum's 
paper on (heuic of this acid, in the fifth volume of the Memoirt of the Man* 
diester Soeiety. See alto Charme* on Bleaching, gvo. i Robinions, 17)9* 
C. Potel of the Academy of Dijon hai shown that the fears of those wi» 
soppoie this prucess bumi the cloth are groundlets; and that, if the opera- 
tion be performed by a careful workman, it improves texture of the cloth 
iuiead of injuring it. Phil. Mag. vol. xjv. 

X It oxidiies all metals without the assistance «F heat. Metal 1 beaten 
iMo thin leaves, or reduced to powder, inflame when thrown into a vessel 
filled with thii gai, and preient a kind of shower of fire. The following 
it a pleating and instructive example t 

Prepare a jar of oxygeniied muriatic gai, and suspend in it a piece of 
Dutch metal, or copper-foil 1 it will inflame immediately, and the combui- 
liea will continue, alfording a ttrikingipectscle, till the whole ii consumed. 
Ai the metal combines wit^ the oxygen, the acid drisolvei it, and acquire* 
Aereby a green colour. Thii will subsidein the jar, and form a subttance 
exactly similar to the native muriate of copper brought from Peru, This 
(tpcriment affi>rdi an example of the oxidizemeot of metals, and of the af> 
Idlty which acids have for metallic oxides. 

f Nitro- muriatic acid will diisolve gold ; but its solution in thii mixed 
Kid is owing to the muriatic acid having acquired oxjgeti from the nitric^ 
Aflktent to convert it to oxygenized muriatic acid. 

Mr, Homboldt has fotlml that leeJs which do not commonly germinate 
ia our clinutCB, or in our iidt-housei, and which of course we cannot raise 
far our gvdebs, or hope to naturalize in our fieldi, become capable of ger- 
■mating when immersed for lome days in a wcnk oxygenized muiiatic acid. 
Tins interesting discovery has aiicady bren turned to advantage in several 
""(nic gardens. 

iVrhis acid was known to Raymond X-ully in the thirteenth cenluryt 
was Mr. Cavendish whd d'<ico'.'ercd its component parts, in the year 
See hii paper in the f >iilosophical TiMotacliunc for tiiut year. 
llf a proper mixture .-.t t-.-iti -'aio» be made in a glass lube, and a num- 
■ ctrie explo6;uii» p.-^sui tli- jj^'' ''"* mixture, the gases will un* 
aciii will be ih . product. Being farmed i.f the sams aubu 
with atmospheric ai', we have no difficulty in accounting for the ox 
fndnctioD of this acid. 
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of about 25 parts by weight of the btter, tp. s^t^^t .7^ , of the forr 
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how is nitric (ici(l obtained? 

Nitric aci4 is obtained by distilliqg two.par(s pf nitre and oi^e 
piart of sulphuric acid in a glass retort, and collecting the gas ip. 
proper receivers f. This acid, which at first contains nitrous gas 
and other impurities, is rendered transparent and colourless by 
the application of heat in a subsequent ^rocess^ ^ , , . | 

What ctre the prc^erties of nitric acid? 

Nitric acid is clear and colourless, like water y its smell is aci id; 
lis taste exceedingly acid ; and its action on animal suhstancet 
very corrosive. It has a property of permanently staining the 
skin yellow. It has a great afifihity for water :|: ; is capable of 
bxydizing most of the metals §, and with various bases ioroi^ 
ijalts called nitrates. 

WhcU constitutes the acid of cotntnerce^ caikd ^ITJtOUS acid? . ' 

* These proportions were ascertained by Mr. pavy. 

It is curious that the substances which compose atmospheric air, so ne- 
bessaiy to i^ui existence, should, in different proportions, pioiduce alsoon]^ 
V/f the roust corrosive acids, 

100 , 

75 pans of oxygen, «ith>f^f^^ 
25 — of nitrogen, ^ •**..« -^j-w . 

• — • r •; ■ 

■--;■"■■ 
100 



Should the evidence already adduced be not suflSicient to convince us of the 
infinite comprehension of the Divine mind, such facts as these are surely 
iritiii&tibie. 

Nune but Deity could have had a conception how such different substances 
could have been produced irom the same principles. But Almighty Powec 
pei turms with infinite ease, whatever Infinite Wisdom stems fit to ap- 
point. 

f The manufactories of this acid are commonly called aqua-fortis works* 

The acid is drawn of different strengths, from 1.125 ^® 1-460, according- 
to the purposts tor which it is designed. It is used in dyeing, in reaping 
gold, in medicine, &c. &c. It is very prone to combination, and very AiXy. 
xieccm posed. J 

{ Jt appears very singular that nitrate of barytes^ which is so sol^l 
water, is perfectly insoiubie in nitric acid. This, I believe, was first 
by Ml . Hi«me. 

^ If^nitiic acui be poured on iron filings, the acid will in part be def 







oxygen will render the metal soluble, and the nitrous gas. \ 
•t in copious red fumes. *'?^ 
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Nitrous acid . is nothing nxore than nitric acid* impregnated 
with nitrpiis gaef . 

Wif^ ore the properties of nitrous, acid ? 

Nitrous acid is very similar to nitric acid in its properties^; but 
its colour varies according to the proportions of nitrous gas 
which it has absorbed, and the water which it contains $• 

What is CARBONIC acid? 

Carbonic acid || is a combination of carbon and oxygen. It 
was formerly called. fixed air,, on account of its being found in 
chalk, lime-stonef , magnesia, &c. 

. What are the properties of carbonic acid P 

Carbonic is invisible when in the state of gas, but is unfit for 
combustion**, or respirationff . By pressure, water may be made 

* It was formerly supposed that this acid differs from nitric acid in this— ■ 
that it contains less oxygen : hence it was called, agreeably to the new no- 
nenclature, nitrous acid } but it is now found that this is not the case. Sep 
Davy*s Researches. 

f Dr, Priestley having separated nitrous gas from nitric acid, by means 
of iron* received the gas under an inverted vessel filled with viater, and 
found it a transparent colourless gas, resembling airj whence it appeais that 
if is red, or coloured, only when combined with atmospheric air. To Dr. 
Priestley we owe he discovery, thiit nitrous gas is converted into nitrous 
acid by its union with oxygen and ^ater. See Priestley on Air. Fourcroy, 
part iii. ch. 4. 

On the principle that oxygen gas is necessary to convert nitrous gas to ni- 
trous acid, Dr. Priestley invented his eudiometer, to discover the degree of 
pority qf atmospheric air, 

X Nitrous acid is generally nsed for purposes of trade or experiment. The. 
mtrie acid is principally employed in medicine. 

Two parts of this, and one of muriatic acid, form aqua-regta, or nitro- 
qiuriatic acid, the true solvent of gold. It is curious that this acid has less 
Specific gravity than either of the acids from which it is composed. 
' § The changes which take place on the addition of water to strong nitrous 
Mid exhibit very curious phenomena. Different portions change its colour 
to a blue, a green, a yellow, &c. while the vapours which rise from it 
preserve their original flame-coloured red. 

- I To Dr. Bhck we owe the discovery of carbonic acid gas. Mr. Keir 
tvas the first who suspected it to be an acid ^ and Dr. Priestley afterwards 
tnnounced that this gas entered into the composition of atmospheric air. 

% Carbonic acid ts composed of 18 parts carbon and 82 oxygen; which 
bat been ascertained by analysis as well as synthesis. Mr. Tennant was 
the first who decomposed this acid. This he effected by the following means 1 
He burnt phosphorus in a close vessel, in which was a portion of carbonate 
of soda. X^c phosphorus absorbed the oxygen from the carbonic acid, and 
tbe tarbon was Separated in the form of a black powder. 

** If this gas be poured from a wide- mouthed jar upon a burning candle, 
it extinguishes it like water. Its superior gravity to atmospheric air, and 
less for supporting combustion, may be better shown by pouring a 
glass full of this gas into another tall glass, containing a short taper 
within it. 
Tovrcroy says, this gas, when mixed in a small proportion with at- 

Pitiheric^air, may be inhaled without danger, by patients who have sym« 
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to absorb three times its bulk of this gas; by trUch it ttieqiiires 
an agreeable acidulous taste^. Carbonic acid enters into coih- 
bination with the alkalies, with some earths, and some metallic 
oxides; and forms with them those soks caQed carhmatetf. 

What is PHOSPHORIC acid ? 

The phosphoric add is a cotnpMnd of dkygmt and a t)tculitf 
substance called phosphorus^:* 

HoHv isfhosphoric Acid procured^ 

Formerly phosphoric was procured only by bamlng thc^ phes* 
phorus obtained from urine in oxygen gais^ but now it is kno#il 
that phosphoric acid, readj formed^ is a coAiplinent part of ani« 
mal bones$ i it is procured from them at a mndi chfekper ratt. 

What 0^4 tbi properties of pbosphmc exidf . 



toms of okeration, or inflammation of the lungs ; and that it vnll either curt 
these complaints, or retard their destructive effects* 

* Carbonic acid gas is found in abundance in many natural waters. This 
is the case with the waters of Seltzer^ Pyrmont, and Spa, in Germany* 
Those of Seltzer are very bi^ly carbonated. They are so pkatabt and la- 
lutary, that various imitajtions of them« made in this country, are sold under 
the names of single and double soda water. They are manufactured by Mr* 
Paul of London, and Mr. Henry of Manchester, equal ia every respect to 
the natural waters imported from the continent. 

-f The earthy carbonates are insoluble in water. Hence, breathing into a 
phial of lime»water renders it turbid \ and. thus linie-water is a good (est for 
the presence of carbonic acid. 

\ During a great part of the last centtiry, this acid was supposed to be a 
modification of the muriatic acid. This error originated with Stahl. In 
1743, Mareraff distinguished it from all other acids $ and in 1772* Scbeele 
discovered that it was a component part of animal bones. 

§ When animal bones are devested of their oil and jelly, the earth which 
remains is chiefly lime, united with the phosphoric acid. It is worthy of nci« 
tice, that phosphate of lime is found in abundance also in nailk. This seems 
to indicate, as Foiircroy beautifully remarks, *< that Nature thought fit tQ 
place in the first nourishment of animals a quantity of osseous matter, with 
a view to the necessary celerity of the formation and growth of the bones in 
the earliest stage of their lives/* This fact is probably unknown to some who 
study natural history, and is one of the numerous instances of the beneficence 
of the Creator, exemplified by the science of Chymistry. The more we know 
of the minutise of matter, and of the laws by which it is governed, the great* 
er occasion shall we have to admire the excellence .of contrivance and tbt 
benevolence of intention of the Omnipotent Artificer. Let the advocates for 
chance consider the aforesaid fact, and say, if they can, that phosphate of 
lime is found in animal milk, in consequence oi fatality^ and that it occurs 
by accident where it performs so important an office in the animal oeconomy. 

It is a remarkable fact, that the nearer the female approaches to the period 
of p3iturition the more is the milk charged with this calcareous phosphate | 
and that it is not tii! the digestive organs uf the infant are su0iciently strength* 
ened to answer the purposes and the work of animalization, that this eaghy 
salt disappears from the milk of the mother* See Nicholson's Journal71iN>9» 
vol. i. 20J. 
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PhoqphiBrie add deprived of water> is 9olid| and tfamparent*; 
when liquid, it has a thick oily appearance, and is of considerable 
gravity, and very acid to the tastef. It forms a variety of saks, 
eiiked fh$ipieaif, by itstinion with earthy, alkaline, and metallic 
laws. 

What it the PBOSPHOROUS- acid f 

This acid contains a smaller proportion of oxygen than the 
phosphoric acid. It is procured by the slow combustion of 
pfaospborusli for when phosphorus is heated it bums rapidly^ 
and the product is phosphoric acid. 

What are the properties of phosphorous add? 

Phosphorous acid is a dense, viscid liquid, with an acid taste, 
which emits the smell of garlic when heated. It may be de- . 
composed by charcoal, like the phosphoric acid, but it cannot 
Ske it be obtained in a concrete state. It has not yet been ap- 
pBed to any use. The salts formed with it are called phosphites. 

Whit is fLUORIC acid? 

The fluoric^ b an acid of a peculiar nature^, found in the fluor 



*Pare photphortc acid obtained, without the addition of water, by bum* 
Mg phof phdrus in oxygen gat, hat- the form of white, snowy, light flocks, of 
avcry strong acid taste, fiy exposure to the air it attracts humidity, and 
bcoomee a fluid acid. Forty ounoes of pbosphorot will produce more than 
100 ounces of dry acid. 

t Phosphoric acid may b« concentrated till it it of greater specific gravity 
duin aulphuric acid ; but though the taste is very acrid, it does not possess a 
CMiticity sufficient to bum organic substances. 

If phosphoric acid be exposed to heat it gradually becomes thick and 
glntinous \ and if the heat be continued it acquires more consistence, and at 
Ult nelts into a solid transparent glass. This phosphoric glass must be 
pfHerved from the action of the atmosphere, or it will be gradually dis'Solved 
again into liquid phosphoric acid. If the phosphoric acid has been fused in 
t^emrthen crucible, it will not be deliquescent nor soluble in water. 

Thit acid haa been prescribed by some physicians as an anttsceptic, cooN 
tig,.and solvent medicine, and as an external application in osseous tumours. 

X Plwsphorous acid is generally procured by exposing sticks of phos^ 
fksrus. to the action of atmospheric air, in a glass funnel, and recei- 
iteg. the acid, as it forms, in a bottle placed underneath. It is necessary 
yraviotnly to put a small quantity of distilled water into the bottle, and to 
stop the neck of the bottle /af/iW/^, so as to prevent the sticks of phosphorus 
from falling within it. The pieces of phosphorus should be laid upon the 
fiinne), so as not to touch each other. 

§ This acid is obtained by pouring sulphuric acid upon the powdered spni 
ia ■ leaden retort, and applying a gentle heat. The sulphuric acid expels 
the fluoric, and unites with the lime in its stead. 

Mmt spar requires its own weight of concentrated sulphniic acid to dis- 
Migethe fluoric acid gas, which must be received in water like the niut i- 
l|pu.- To preserve the liquid acid, it must be kept in bottles lined on the 
wSim wkb wax dissolved in oil, or in vessels of lead or platina. 
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spar*, which is a natural production, composed of this. acid, atid 

lime. * 

Jf^hat are the properties f of jiuoric acid? 

in the state of gas it is invisible like air. Water rapidly al>* 
sorbs it) and forms liquid fluoric acid. It has an acid taste, and 
the peculiar property of dissolving silex^. Its radical is not 
known. 

What is the Use of fluoric acid ? 

Fluoric acid has not been used except for corroding glass§ \ for 
which purpose it was employed in the 17th century J. • . 

What is BORACIC acid P 

The boracic acid is a peculiar acid separated from a siib* 



* Fluoi' Ipar 18 found in many pafts of £urope, particularly in I>erby« 
shire. Some of it is so extremely beautiful that it is often employed ii) thc^ 
manufa6tureof ornamental vases, &c. &c. 

f This acid has somewhat of the smell of muriatic acid, but is mtich 
more corrosive. It acts so powerfully on srlex that it is impossible to -use 
glass vessels for its distillation where any large quantity of the acid is 
required. A glass retort would be destroyed before a pound of the gas 
could be obtained. It combines with the siliceous earth of the glass, and 
carries it over with it in distillatioUi 

its action on glass may be shown by strewing a little powdered fluor 9\ysLr 
on the surface of a pane of glass, and pouring a little sulphunc acid upon it^ 
The sulphuric acid will disengage the fluoric acid from the spar^ which will 
act upon the glass as it becomes disengaged. 

t If a small anima*l or reptile be exposed to the vapour of this dcid drawn 
in glass, the moisture it contains will dissolve the acid^ and the siiex will ba 
precipitated upon it, so as to give it the appearance of a real petrifaction^ 
covered with a hard and durable coating* 

§ I am informed that it is become a fashionable employment for young 
ladies to etch landscapes and -other drawings on glass by means of this acid; 
They cover the surface of the glass with wax, and trace the drawing by 
cutting out the wax with proper instruments. The piece is then put into 
a leaden receiver, and the gas disengaged from the fluor spar by means of an 
i^rgand^s lamp thrown in upon it. In this way drawings of great beauty 
are made, as imperishable as the glass itself. A complete apparatus may 
be had of Messrs. Knights, Foster-lane, Cheapside, London, for about four 
guineas; it is so contrived, that a lady may operate wtth it in a sitting-room 
with great safety; and by varying the process the full effect of light attd 
shade may be given to the drawings : for, \i liquid fluoric acid be used, the 
lines will be transparent ; whereasi if it be applied in the state of gas, they 
will appear dark and opake; 

In France, barometers, thermometerS| and other glass instruments, are 
graduated by means of this acid. But if ths acid contain any silex, it will 
not act on glass. It might be usefully employed for engraving labels on 
glass bottles, designed to hold the corrosive acids. 

II Henry Swanhard, an artist of Nuremberg, having discovered the cor* 
rosive nature of this acid by observing its effect upon his spectacles, on 
which sc ' •* accidentally fallen, applied it to the purposes of engraving 
on gUsp iS 1670. See Mr. Nicholson's Journal, 4to< voh iv* *« 

F 




sttAcii Called fiorax*. Its cotiiponfent pahi Ht^ UnkiidWiif* 

W^af are the properties of horacic acid ? 

Boracic acid is in the forrn of thin scales:j:, slightly acid§, arid 
unalterable in the air. It forms a variety of salts called borates^ 
when combined with the alkalies, som6 earths, and Some of tiie 
iftetaliic dxidds. 'the characteristic property of this acid is, thaft 
it impaf ti a green colour to burning bodies||. 
J^hat is AR$&NiC add? 

Arsenic icid is a compound of arsenic and oxygert. It id ik 
heavy, thick, incrystallizable masS; very soluble in hot waterf | 
of an acid taste, and poisonous. With different b^ses it forifia 
Alts called arseniates. 

What is the TUNGSTlC Ocid? ^ 

The tungstic acid is a tasteless ydldw pdwdef, (iotnpd^^d of 
oxygen and tungsten**. It is insoluble in water, but forms saltf 
iCStlled tungstates, by its union with alkalies and earthsff« 

What is MQLYBDIC acid? 



* The boracic acl^ was ciiscbtered by Hortiberg in 170I. \x itiaj^ fcflsity 
be procured by dissolving rcHned borax in hdt water, and adding tulpliuritf 
acid till the solution has a 8li<^ht acid taste. This is then to be left to 
flool and and crystallize^ Dr. Thomson, vol. ii. 51. 

f See an account of Creli^s experiments for the decompoMtion of thii 
acid in Annales de Chimie, tome xxxv. 20a. He has annouhced that carboii 
is one of it^ component principles. 

t This acid, when it is well crystallized, is in the form of small sbinirtg 
flaky crystaiSi If exposed to a strong heat, it becomes fused and forma 
a solid white glass, which is sometimes employed in the composition of arti« 
ficial precious stones. 

§ The taste of this acid is bitterish^ with a slight degree of acidity< ti 
it very soluble in hot watery and but sparingly so in cold. It is ver}' useful 
in the analysis of minerals, as. it brings almost all the stones into solution* 

I See Mr. Davy^s late paper on this subject in the Philos. Trans^ 
I When burnt with alcohol it communicates a green colour td the flaiiife:^ 
which becomes more and more green as the alcohol burns away. If a papeif 
be dipped in alcohol and then sprinkled with this acid> it will barn with il 
{reen iame« 

% Tim acid is not affected by exposure to the air* It is cothpl^iid pt 
65 parts of f^rsenic and 35 oxygen^ It. is made by giving an extra doSe o^ 
oxygen to the common white oxide of arsenic, which of itsfelf possessed 
several of the properties of an acid, and has by Fouicroy be<n called <ir« 
senioMf acid. 

•♦ This acid is fourtd native in wolfram and other iiiiner*Ig< It Way )># 
•htaiiied from wolfram by boiling three pai'ts of muriatic acid on one pdrf 
•f the mirferah The acid is to be decanted off in about half an hour, and 
all«irrcl to settle : the powder which precipitates is to be dissolved in am^ 
OMoiai the solution evaporated to dryness^ and the dry mass kept forsomd 
tJBHtlgl ■ red heat. It is then yellow oxide, or the titngstit acid, in a stat^ 
•f pwty. Dr. Thomson, vol. i. 250, ad edit* This acid becomes kln^ by 
exposure to the light. . 

tt Ttinestic acid unites with the alkalies to iat«rati»n* 

18 
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Molybdic acid Is a white powder, composed of molybdenum 
and oxygen*. It requires a large quantity of water to dissolve itf; 
but it combines with several radicals, and forms with them salts 
called molybdatef\.. 

What is CHROMIC acid? 

Chromic acid is an orange-coloured powder, composed of 
cromium and oxygen. It has an acrid metallic taste, soluble in 
water, and crystallizable. It assumes a variety of beautiful 
colours when mixed with different saline solutions*, it' also forms 
various salts, called chromatesy with the earths and alkalies§. 

What is the ACErouS acid? 

Acetous acid, or vinegar, is prepared|I from saccharine liquors^, 
which have undergone the vinrus fermentation**. 

What are the properties of acetous acid? 

Acetous acid is a pleasant yellow liquor, well known. When 
distilled it is as colourless as water, and of an agreeable odour. In 



• This acid was discoTercd by Scheele in 1778. It is procured from the 
Sulphurct of molybdenum by distilling nitric acid off it repeatt;dly, till the 
sulphur and metal are both acidiBed ; which is known by the conversion of 
the whole into a white mass. Hot water carries off the sulphuric acid, and 
leaves the molybdic in a state of purity. Dr. Thomson, vol. ii. 103. 

i- It requires 960 parts of boiling water to dissolve it. The solution Is a 
pale yellow< 

X This acid dissolves several metals, and assumes a blue colour in pro* 
portion as it abandons to them a part of its oxygen. Hume, Phit. Mag. 
. § The chronic acid was discovered by Vauquelin. It is procured frcm the 
red lead ore of Siberia. He obtained it by boiling ico parts of this mineral 
with 300 of carbonate of pota$h and 4CC0 water, and separating: the lead and 
the alkali by weak nitric acid. For an account of the different colours 
which this acid assumes, see l)r. Thomson, vol. ii. 105. 

II In making vinegar the casks should he only half filled j by this method 
a large surface of the liquor will be exposed to the atmosphere, from whence 
the oxygen is to be derived to acidify it. 
. ^ All kinds of wine, and ail sorts of malt or saccharine fermented 
liquors, are capable of yielding this acid. The stnalkr the quantity of the 
wme the sooner will it be converted to vinegar, provided there be a free ac- 
cess of atmospheric air. Ample directions for making vinegar will be 
found in Fouicroy's System of Chymistry, vol. viii. 250: but I believe the 
best treatise on this fubject is by Citizen Parmentier, published in one of the 
volumes of the Annales de Chimie. 

It is found that wine which contains most mucilage soonest becomes acid. 
On this account isinglass ought not to be added to wines, to fine them, till 
the moment of bottling them. 

** It was foimerly imagined that acetous acid could be prepared only frcm 
vinous liquors j but it is not an indif pensable cordition that it i^halJ have 
been preceded by the vinous fermentation. This acid n^ay be drawn from 
several kinds of wood hy the destructive distillation. ^Jr. Andrew Patter 
very large inanufactute of this acid near IVtanchester, whtie the wooil 
*' in large iron cylinders about 8 feet long and ^ feet diameter. 1 h< 
licfly used in tnakirg acetate of iron for the cahcc-prinicrs. 
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both states it is known in commerce by the name of vinegar*. 

ff^/)at is the acid which has been usually called ACETIC acid? 

jicelicficid is obtained from acetate of copper, acetate of soda^ 
or acetate of potash. It "was formerly thought to be a distinct 
licid'; but it has lately been demonstrated by experiment to be 
merely acetous acid in a concentrated statef . 

What are the properties of acetous acid in this state of concentration? 
'. Acetic acid thus prepared is pungent, acrid, and voiatiiej:, and 
corrodes ain nai substances. With various radicals it forms salts 
called acetates^. 

What is OXALIC acid? 

The oxalic is a peculiar acid found in the juice of sorrel, in 
combination with potash||. The radical of this acid exists also 
in sugar and other matters, which require only the addition of 
oxygen to form true oxalic acid^f. It crystallizes in four-sided 
prisns, has a very acid taste, and is soluble in water. It is 
composed of ovygen, hydrogen, and carbon. 

* There is so little difference between the volatility of vinegar and water 
that it cannot be concentrated by boiling; but if it be mixed with charcoal 
dusty the charcoal will enable it to resist a strong heat, by which means tht 
water may be thrown otf by a boiling heat \ and then the pure concentrated 
acetous acid may be drawn over in a proper apparatus by a stronger heat* 
We are indebtcil to Mr. Lowitz for this discovery. 

f Darracq has shown that acetous and acetic acid both produced the same 
combinations, and gave the same products in their decompositions. He 
brought acetous to the state of acetic acid by distilling it several times over 
muriate of lime, and then was able to form ether with it as with the acetic acid 
pbtained from acetate of copper. Annates de Chimie, tome xxvii. 

X This acid evaporates entirely when exposed to the air } and when heated 
with free access of atmospheric air, it takes iire so readily that one is tempted 
to suspect the presence of ether in it. 

§ Acetic acid may be advantageously employed to separate manganese 
from iron. When a mixture of these two metals is dissolved in this acid, 
and the solution evaporated to dryness, the acid adheres to the rodnganese, but 
abandons the iron. Water will then dissolve the acetate of manganese, and 
the oxide of iron will be left on the filter. Two or three evaporations and 
solutions are sutficient to deprive acetate of manganese of the whole of its 
iron, 

g Sal-acetosellae, or the salt of sorrel of commerce, has usually been im- 
ported from Switzerland and the neighbouring countries, where it is prepared 
in large quantities from the juice of sorrel. According to Savary,^ one hun- 
dred pounds of the plant afford five ounces of the crystallized salt. 

D».'yeux has found a considerable quantity of this acid in chick peas. It 
was discovered by its burning the shoes of some persons who walked over a 
field of this pea. There is reason to believe that, by a chymical examina- 
tion of other plants from which acid humours spontaneously flow, this acid 
will be found to exist in greater abundance than has been suspected. Four- 
croy. 

% The oxalic radical appears to exist more abundantly in insipid matters 
than in sugar. BerthoUet has obtained from wool more than half its weight 
of oxalic acid. Fourcroy. 
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What are the uses cf oxalic acidj 

The ^oxalic acid is of great us^ to chycnists to detect th^ pre» 
s^nQe of lime in solution*, Ix is also become an ^rtii^ of great 
consumption with the calico-printers, both in a state' of purity 
(ind 'm combination with potashf, In combination with earths^ 
alkalies^ and metallic oxides, it fprpis $alts called QPiatates^^ 
. Jfbaf is the r4RTMIC acid? 

Tartaric acid is a peculiar acid found in th^ cream Qf tartar 
pf con)(perc^$« It is capable of crystallization, and easily soluble 
in water. Salts formed with this acid are called tartrates* It if 
vsed by calico-printers to discharge false print$||. 

What is ClXi^IC aci4? 

Citric acid is fouqd ip the juice of lemQPS and several other 
fruits^. It crystallizes in beautiful rhomboidal prisms^ is ex- 
tremely acid to the taste, and very soluble In water. It is used 
ilj various way? fpr dpmestic purposes, for aie<Jicinc*% anj 

* The oxalic has a greater affinity for lime than any other acid ; and as it 
forms \yit> it an ipsoluble substance, it is tht roost proper test for disco* 
▼ering this «arth. Thus, if a few drops et the solution of oxalic acid bf 
dropped into a neutral solution of muriate pf lime, an abundant precipitate 
of insoluble oxalate of lime will appear. I say a neutral solution of muri* 
Ute of lime, for if there be any excess of muriatic acid in the solution the 
]ime will be redissolved. 

It is ^i^obably owing to the affinity which this acid has for lime that sugar 
is injurious to (he teeth, 

f The calico printers have attempted to use the acidulous oxalate of pot« 
Bsh instead of the citric acid; but it is so little sduble in water, th'^ they 
£iid a difficulty in making their solutions of a sufficient strength. Th< pure 
oxal.c acid answers better fur many purposes, as it is cheaper, and water will 
|)is>olve half its weight of it. 

X The oxalic ^eidule att xks iron, zinc, tin, antimony, and lead. It dis- 
solves also the uxdes of all the other mttals, and forms with them triple 
caitii. It is employed to take our ink spots from linen, &c. which it doe^ 
\>y virtue of its attraction foi iron Fourcroy. 

§ Tartar is procured from vessels in wh>cb wine has been kept. The tar»> 
ta»ic acid appears to be a necessary substance in all wine; for it seems from 
some late expei unents that must will not ferment if all the tartaric ac:d be 
faktj; from It. Di . Thomson, vol. iv. 458. 

II Scheet^ was the first cilymi^t who obiain< d this acid in a separate state. 

By varying the proport on of oxygen we may obtain at ^ieasure acetou8| 
fartanc, malic, or oxalic acid. The base of each of thepe acld^ being ca-bon 
pnd hydio^eoi di^eient proportions of oxygen produce the diifeient acids as 
above, 

^1 Scheele was the first person who obtained this acid from the juice of 
]emins in a state of purity. When Cly^ta!lized it suffeis np alteration ficn^ 
exposure to the air, though it is said to change after some time when dis- 
solved >n water. 

•* Wthin these f?w years an important use has been made of this acid 
in m^dicne. It is said that the largest dose of opium may be checked in 
its narcotic effects, if a proper quantity of citric acid be taken wjih it, 
^nd Nvirh ih«s ndinnri it induces cheeriulness instead of stupefaction, sue* 
cwded by gei Veshing sleep, pr. Willich on Diet, 
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by calico-printers*. Salts formed with it are called citrates* 

What is MALIC acid? 

Malic is obtained from the juice of apples, in which it exbts 
ready formedf • It is a very acid, reddish-coloured liquid, comr 
posed of oxygen, hydrogen and carbon, like the other vegetable 
acidsf . It is incapable of crystallization, and has not yet beea 
brought into any use except as a chymical test$« Its salts are cal- 
led malates* 

What is I A CTIC acid ? 

]Lactic acid is prepared from whey. It is incapable of crystal* 
lizationi and has not been brought into use* Salts formed with 
it are called lactates^ ^ 

What is GALLIC K acid ? 

Gallic acid is found in the galls of commerce, and in most astrin* 
gent vegetable substances**. It is obtained in thin transparent 
plates, and in nfinqte needle-shaped crystals, of an acid austere 
tasteffi Its salts are called ^allat^s* It has the property of 

* This elegant acid is very useful to Oitr manufactiireri on account of its 
lolubility. One ounce of cold water wilt dissolve i|o?. of it, and boiling 
water will dissolve double its weight. The proper method of procuring i( 
in crystals may be seen detailed in Ann. de Chimie, torn xxii. See also 
Dr. Thomson, vol. li, i^6« 

f This acid is found not only in apples, but in strawberries and othef 
inmmer fruits. It was discovered by Scheele in the year 1785. For th^ 
best method of procuring it, consult Dr. Thomson, vol. n. i^o. 

t Malic acid by the addition of nitric acid is converted to the oxalic acid. 

^ Malic acid is of use in the analysis of earths for separating alumina 
from magnesia 9 as it fornla with the former an insoluble salt, and precipi* 
tates. 

I Fourcroy.and Vauquelin have asserted, that the acid which is developed 
in milk is nothmg but acetic acid modified by some anima) substances and 
fome^alts which it. holds in solution. Phil. Mag. vol, xxii* 176. 

^ Gallic acid is soluble in zo parts of cold water, and in 3 of boiling 
water. It is not altered by exposure to the air, but is decomposeable by 
lieat. 

** Gallic acid exist in galls, in oak barki and other vegetables, indepen- 
eutof the astringent principle. It is lately found that the property of giving 
a black colour to the solutions of iron is owing to this acid and not to the 
astringent principle as was formerly supposed. A short process for procur-* 
ing gallic acid in a separate state may be seen in CrelPs Chymical Annals for 
the year 1787. It was Segum who proved that the gallic acid and the astrin-f 
gent principle are different substances. See Mr. John Thomson's Notes 
\o Fourcroy, vol. iii. 93. 

A German apdthecary, named Tromer, says, that the excrescences on the 
roots of young oaks may i)e used with advantage as a substitute tor 'galls. 
I believe oak saw-dust has been used instead of galls to produce a black 
dye. 

ff Several processes for procuring this acid may be seen in La Grangers 

F(*r the method of analysing astringent vegetable substances, consult Mr, 
Davy*s paper in the Philos. Trans, for 1803. 
£very substance, an infusion of which precipitates gelatine, or i 



uid for medicine: they aict an iinportant part in the great elabo* 
ratory of ilature*" : produce that numerous class of bodies called' 
salts : and form many of the rocky and mountainous parts of the 
globe we inhabit. 

Do you recollect any instances of acids entering into the composition 
' :rf rocks and mountains P 

The vast masses of limestone, chalk, and marble, which aj^e 
found in every part of the world, are combinations of lime and 
carbonic acidf: the mountains of gypsum in the vicinity of Paris 
and elsewhere are combinations of lime and the sulphuric acid|. 
The fluor spar of Derbyshire owes its compactness, &c. to the 
fluoric acid§; and there are mountains of common salt both in 
the eastern and western hemisphere, which contain hundreds of 
millions of tons of the muriatic aeid||. 

jire you sure that the acids which Nature has employed in the Jor* 
mat ion of mountains are of the same hind as the adds which cotne undir 
our common notice and observation? 

Tes : any of these substances may be decomposed, and their 
acids exhibited in a state of purity for experiment or usef • 

Do you know of any other natural productions which are indebted U 
the acids for their natures and properties? 

The large masses of alum ores and of ponderous spar in different 
parts of the earth owe their origin to the sulphuric acid ; the 
chrysolite of Greenland is a compound of alumine and the 
fluoric acid *, and several of the precious stones are combinations 
of the difi^rent earths with the chromic or the phosphoric 

* Great advantages have already been obtained from the use of many of 
the acids in tnedicine, particularly the mineral acids. As to the oxygenized 
■ muriatic acid^ ** I tvill venture to affirm that it will hereafter be one of the 
most useful of the materia medica. It is known that it is strongly tonic ; that 
it augments the force of the stomach and the whole system, and acts even as 
a specific in syphilitic disorders.'* Fourcroy. 

Dr. Thornton says that he has cured syphilitic complaints by nitrous acid) 
in cases where mercury had failed. Medical Extracts, vol. v. 406. Mr. 
Ciuickshanky of Woolwich, has given it with the same intention, and with 
the best success. j 

f Limestone, chalk, and marble, are composed of about 50 parts acid ^ 
and water, and 50 parts lime. 

X Gypsum is composed, according to Bergman, of 32 parts of lime and 
68 of acid and water. 

§ There are some varieties of this salt which contain different portions of ■ 
acid, but the proportions of their component parts have not yet been ascer- 
tained. 

II Common salt, according to the analysis of Kirwan, is composed of 53 
parts soda, 39 acid, and 8 water. 

ff Xf the pupil be directed to pour a little sulphuric acid upon some pieces 
of marble, the carbonic acid will be disengaged, and become evident to the 
senses. In like manner he may disengyge the fluoric acid from the fluor 
6pai> the muriatic acid from Tock-salty and other acids from those minerals 
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acids*; not to mention the annual changes which the vegetable 
kingdom undergoes by the formation and hxs of the vegetable 
acids. 

JTou speak of tie formation of acids : Are bodies of this class formed 
and decomposed by the common operations of nature 1" 

These bodies are not only formed artificially, as has been be- 
fore said, by the direct union of their radicals with oxygen, but 
we have reason to believe that this is perpetually done by natural 
means; and that the acids are the principal agents in those chy- 
mical changes which the various substances of this earth are 
destined to undergof . 

What may tve infer from this constitution of things^ 

From hence we have reason to believe that the great and be- 
neficent Creator has provided such an immense store of all the 
different elementary materials with which this our world is com- 
posed, that no scarcity of those things which are subservient to 
the wants and comforts of its inhabitants could ever happen^ 
whatever changes it might undergo, though it should be destined 
to revolve in its orbit for millions of years yet to comef . 

in which they are found native. A few experiments of this kind will serve 
to show him how abundantly the mineral acids occur in Nature. 
' * Mr. Parkinson thinks that the emerald pwes its colour to the oxide of 
chrome, and the ruby to the acid of that metal. According to Vauquclin, 
. the ruby is a combination of the chromic acid, alumine, aqd magnesia. 

The chrysolite seems to be composed of lime and the phosphoric acid^ 
See Ann. de Chim. xxvi. 

f ** Mr. Baume, by a series of ingenious experiments, discovered that 
days may be produced by the action of the sulphuric acid on vitrified sub- 
stances* Mr. Ferber applied this f^ct to the grand operations of Nature on 
the matters ejected by volcanoes : he discovered a fine white argillaceous mat- 
- ter in the hollow part of vitrified lava, evidently produced by the action of 
the sulphuric acid. Hence it appears that those substances which have by the 
action of fire been rendered otherwise intractable, again become, by the 
action oJF the sulphuric acid, subservient to vegetables life." Parkinson. 
fiee Ferber*s Letters. 

{ When we consider the various properties of matter, and the variety of 
changes it is calculated to undergo for the use, the gratification, and the 
Accommodation of man-^we are ready to exclaim— 

<* We feel the present Deity, and taste 
The joy of God, to see a happy world," 



£!«. 
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OF SALTS. 
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When an acid"* is combined with an alkali, an earth, br a me 
tallic oxide» it forms what is called a salt. Such compounds 
t^ere formerly called neutral salts ; but that term is now applied 
only to those salts in which tnere is no excess either of acid 01 
of basef. 

How many salts are there ? 

As the acids are capable of forming such various combinations 
with the difierent earthy, alkaline, and metallic bases, the precise 
number of the salts is hot knownj:. Probably they atnooni t( 
liearly two thousand^. 

* Acids may be considered as true sailifymg principles, and the i ubstance 
\vith which they unite to form salts may be called salifiable hitses* I«a 
Voisier. 

f To give the papil a clear idea of this class of bodies, it may be advisifabi 
to set him to form some of the salts from their component parts. He migh 
he directed to pour a little sulphuric acid into a solution of soda in water, U 
evapoi^te the superfluous water, and then to notice the crystallization of tb< 
new formed salt \ if the liouor be allowed to stand quietly for a few houn 
in a cool place, he may observe the salt shoot into beautiful crystals oi 
sulphate of si>da. 

{ Fourcroy reckons that there are 134 species of salts; but how mao/ 
distinct salt.s tliere are he has not calculated. 

Hiving 52 acids and 57 bases, it would appear at first sight that there are 
2824 <<alts : but there ai-e several of the metallic oxides which cannot combine 
with many of the acids; which is also the case with silex, one of the earths. 
However, to compensate this deficiency, there are several acids capable of 
combining with t\\^< hnscs at once. These are called triple- salts* Besides 
these t-'<ert arc supcr-^aits, and sub-salts. Thomson. 

§ Should anyone express his surprise that the numbei of 0/r# class of 
bodies should be so great, he may be told that Nature seems to aim at va- 
riety in all her product ons. Saint Pierre informs us that there are 6009 
spect^^i of flies, and 760 diflerent butterflies. Ray computed the number of 
spdN nsects ;it ten thoui»and. There are are above xooo different sjieciei 

c'* ■ Great Britain. 



Ji^hai method has been tahen to distittguisb the different salts? 

Modern chymists have adopted a new nomenclature for this 
purpose, which is simple, ingenious, and useful*. 

How are the salts distinguished by this nomenclature? 

Every salt has a double name, one part of which indicates its 
acid, and the other its base \ so that in a collection of many 
hundred different salts, the composition of each is immediately 
known by its appellation. 

Can you explain the manner in which this is effected? 

All substances which are compounds of metallic oxides, earths, 
or alkalies with the sulphuric acid, are called sulphates \ with the 
muriatic acid, muriates \ with the nitric acid, nitrates^ with the 
carbonic acid, carbonates^ &c. &c. 

Do the advantages which we derive from this nomenclature com^ 
pensate for the inconvenience of changing the names of so many sub^ 
stances ? 

The new nomenclature, by its classification of bodies, gives such 
a facility to the acquisition of chymical knowledge, that this alone 
would have been sufficient to have justified chymists in adopting 
it ; but its contrivance for pointing out the nature of the sub- 
Stances bearing the new names, gives it advantages far surpassing 
every inconvenience attending the alterationf. 

JBv describe the nature of some of these advantages. 
■ Tlie salinie compound, formerly called Glauber^s salt, is now 
called sulphate (fsoda^ for it is a combination of sulphuric acid and 
«xia X\ what vras called gypsum^ or plaister of Paris, a compound 
of lime and sulphuric acid, is now called sulphate of lime \ in like 
manner what was called green copperas ^ is now sulphate ofiron^ that 
substance being a compound, not of a^per^ as the old name seem- 
ed to import, but of iron and the sulphuric acid$. 

fihve the framers of this nomenclature b^en equally happy in the 

* This nomenclature was drawn up by a society of French chymists, soon 
after the new theory ot cby'mistry was announced by Lavoisier j and 
SBOst of the French writers arrogate great honour to their nation, on both 
these accounts. But it may vei y fairly be remarked, that had it not been 
for the pre^vious discoveries of Dr. Black, Dr. Priestley, and Mr. Caven* 
^iih,««Lavoisier, in all probability, would not have had the honour cf en- 
larging the boundaries o( chymical knowledge. 

f As the boundaries of chymical science have been extended, the number 
of known salts has been surprisingly increased; so much so, that it would 
have been impossible for any memory to recollect the nature of each, without 
the mssistaiKre of a nomenclature of this kind. 

X It 18 necessary to remark, that when an acid is combined with t^wo bases, 
the names of both are subjoined to that of the acid. Thus we say sulphate 
of alumine and potash, and tartrate of potash and soda. 

% II would be easy to make out a long list of substances with names equally 
improper, and which have characteristiq and appropriate na*Ti»e ^-^^i^ne^ 
tliem in the new noinencUture. 
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choice of names for the salts which are composed nmth the other acids? 

Yes : the principle upon which the nomenclature is formed is 
such, that the composition of every salt is designated by an ap- 
propriate name with the utmost perspicuity. 

According to the new nomenc/aturCf what is the common culinary 
salt called P 

Common salt is called muriate of soda* ; that is^ a composition 
formed of soda and muriatic acid. 

What do you call salt-petre? 

Salt-petre is called nitrate of potash \ being composed of potash 
and nitric acid. 

What is chalk now called? 

Chalk, being a compound of lime and carbonic acid, is called 
carbonate of lime. 

Tou have said that these bodies were formerly called neutral W/Zy 
why is not that term now applied as before ? 

No salt can strictly be called neutral^ except such in which the 
acid is completely neutralized by the base, and the base by the 
acid, so as to be mutually saturated by each otherf • 

Is not that the case with all saline compounds ? 

No : some have an excess of acid, as cream of tartar y and 
other salts have an excess of base, as common borax. 

How are such salts distinguished ? 

When a salt is found to contain an excess of acid, the prepo- 
sition SUPER is prefixed to its namef ; but when it does not 
contain a sufficiency of acid to saturate the base, the preposition 
SUB is added ; as super-tartrate of potash> and sub-borate of 
soda§. 

In the chapter on acids j it was said that those which are not complete' 
ly saturated with oxygen acquire different properties from that circum- 
stance ^ and form very different salts to those which are composed with 

* Foimeily the word salt was confined to muriate of soda. No other 
substance was then known as a salt. Afterwards, the acids and alkalies 
wt;re called salts also. There are innunaerable proofs of this in the old 
ehymical writings. 

t The proprie:y ot restricting the use of the term neutral will appear, if we 
consider that we have some bases that combine wiih more than one dose of 
acid, and thereby form salts which differ in their appearance and properties. 
Thus we have sulphate of pocash, and j«/>^r. sulphate of potash. The one is 
a neutral salt, the other is a salt with excess of acid. 

\ Many of these super salts may be discovered by carbonate of magnesia. 
If an acid be present in the solution, an effervescence will take place on the 
addition of the carbonate. 

^ We are indebted to Dr. Pearson for this mode of distinguishing these 
salts. Before this method was adopted, the former of these salts was called 
tartrate of potash with excess of acid, or acidulous tartrate of potash j and tke 
L.tter borate of soda with excess of base. 
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acids fiJ/y oxygenized. 'When salts are formed ninth such acids , what 
are they called in the nenu nomenclature? 

All salts composed with the acids ending in ous^ take an end- 
ing in ite^ instead of ate. Thus sulphite^ phosphite^ instead of sulphate 
and phosphate*. 

Have you enumerated all the advantages of the netu nomenclature? 

No : . it likewise enables chymists to class the different salts 
with a systematic arrangement which was before impossible ; and 
to describe the properties and characters of each genus with clear- 
ness and precision. 

What are the generic characters of the SULPHATES? 

The sulphatesf have generally a bitter taste ; are precipitable 
from fluids by a solution of barytes and afford sulphurets when 
heated red hot with charcoal^:. 

Can you enumerate a few of the principal sulphuric salts ? 

Among the first of them are sulphate of barytes^, sulphate of 

* When sulphur it fully saturated with oxygen it forms what is called iu]« 
phuric acid, and the salts composed with this acid are called sulphates. But 
when sulphur is partially oxygenized, an acid is produced called sulphurous 
fcid, and the salts formed with it are calleJ sulphites* 

The new nomenclature enables us to distinguish between acids which are 
partially oxygenized, and those which contain a maximum of oxygen. This 
ii of great importance, because the properties of the salts formed with these 
acids vary as much as the acids themselves. The salts formed with acidt 
ending in ic are generally permanent \ whereas salts formed with the same 
"bases combined with acids ending in ous are seldom permanent, but by ex* 
poture to the air attract oxygen, and are changed into salts of the former 
kind. 

f The quantity of sulphuric acid contained in any of the sulphuric salts 
may be known by means of muriate of barytes. If a solution of muriate 
'of barytes be aaded to a solution of any of the sulphates, a sulphate of 
barytes will be instantly formed and precipitated. When this precipitate is 
dried, every Imndred grains of it will (according to Chenevix) contain 24 
^ins of sul phuric acio. 

X When a sulphate has been converted to a sulphuret by burning with 
'charcoal, the sulphuiet may be decomposed, and the sulphur precipitated by 
the addition of muriatic acid. For a method of decomposing these salts in a 
large way, consult Encyclopaedia Britannica, Chymical Index, article Vitrio- 

'lated Tartar. .... 

To analyse the earthy sulphates, heat them to whiteness, m order to find 
the quantity of water which they contain, then boil them with carbonate of 
potash, which will occasion their decomposition. A common Florence oil 
flask is sufficient for this purpose. It may be ascertained when it ha* 
been sufficiently boiled by taking a little of the earth from the bottonti of the 
flask, and trying it with muriatic acid. If the muriatic acid dissolves it 
entirely, the decomposition is complete. ... n . • 

i Sulphate of barytes, or/tw^eroit/j/^r as it has been called, is abundant 
JD different parts of the earth. Sulphate of strontian is found in Scotland 
and elsfewhere in abundance. Sulphate of potash, sulphate of so^la, and guU 
pbate of ammonia arc prepared by chymical manufacturers in many of the»r 
processes. Sulphate of lime, sulphate of magnesia, and sulphate o^ 
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strontian, sulphate of potash, sulphat| of soda, sulphate of am- 
monia, sulphate of lime*, sulphate af magnesia, and sulphate of 
aluminef. 

What are the generic characteristics cf the SULPHITES P 
The sulphites yield sulphur, and become sulphates in the fire ) 
they have a disagreeable sulphureous taste ; burn by the contact 
of the sulphuric, nitric, or muriatic acid \ and are changed into 
sulphates by mere exposure to atmospheric airt. 
Can you enumerate some of the sulphurous salts ? 
The principal are, sulphite of barytes, sulphite of potash, sulphite 
of soda, sulphite of ammonia, sulphite of lime, sulphite of mag- 
nesia, and sulphite of aluminef 

What are the generic characteristics of the MURIATES^ 
The muriates, when acted upon by concentrated sulphuric 
acid, yield a white Vapour of muriatic acid ; and when by the 
nitric add, oxygenized muriatic acid gas. They are the most 
ToUtile, and yet the least decomposeable by fire, of all the salts; 
not being perceptibly altered by combustibles, even when assisted 
by heatll. 

Can you enumerate the chief of the muriatic salts f 

The principal are : muriate of sodalf muriate of potash, muri- 

are natiire productions. Sulphate of aoimoiiia, it hat been said, has beea 
found native in the neighbourhood of volcanoes. 

* Sulphate of linoe is gotten in abundance in Staffordshire, Derbysbira^ 
and other counties of England. The hills round Paris are entirely composed 
of this earthy salt. Hence its n^me plaister of Paris, When burnt and 
ground it it mtscible with water, for which it has so great an affinity that it 
becomes solid almost immediately. This property renders it a fit substance 
for forming busts, cornices, &c. In America this substance is used as a 
manure. 

f Vauquelin distinguishes seven di^ent kinds of sulphate of alumine. 

X See a memoir on these salts by Fourcroy and Vaoquelin, in vol. xxiii* 
of Ann.de Chimie. 

§ The sulphites were first pointed out by Stahl. Sulphite of potash wa» 
the first of these salts that he examined. From this circumstance it acquired 
the name of sulphureous salt of Stahl. 

These salt(« are mostly formed artificially* The method employed may- 
be seen in Thomson^s Chymistry, vol. ii. 449. 

II This is an evident, and at the same time a most remarkable character of 
this species of salt. Muriate of soda may be volatilized by heat^ but if the 
vapour be collected it will he found to be still muriate of soda. Some years 
ago I exposed several hundred weights of this salt to a most intense heat in a 
reverberatory furnace for 48 hours, with a view to decompose it ; but when 
it was removed from the furnace it wa^ found to be muriate of soda still* 
Another portion was kept in a state of fusion for 36 hours with a considerable 
qu 'iitity of carbonaceous matter, hut no decomposition wa8 effected. 

fl Muriate of soda is the salt which has been iorges. krown. It is our 
common culinary salt, and Is ch.iliy u^etu) ii> furnishing a supply of soda tm 
prescfjia le in an alkaline and antiseptic condition* 
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^te olF ammcmia, mafiatd of barytes, miiriat^ of stirontian, mti* 
riate of litney and tnuriate^of magnesia*. 

ffTbat are the generic characteristics of the HTPEROXTGEl^ZEt} 
MtrnIATESf ? ^ 

The hyperoxygenized muriates yield very pure oxygen gis By 
the action of fire, and are thus converted to common muriates: 
the strong acids expel the hyperoxygenized muriatid ^Itid botxh 
jttiese salts, without the assi^ance of heat:(. When orixed with 

This salt is of great us^ in the animal creation \ horsel^are Very fond o€ 
it; cows give more milk when supplied with iti and Dr. Mitchel relates^ 
that in the back settlements of America^ wherever thisji^ilt is found to 
abound, thither the wild beasts of the foreits assemble to rcg^e themselves £ 
>and that some of these places are so much frequented, tlut tfie ground is 
trodden to mud by them. See his letter to Dr. Mo^lj|||^ Phil. Mag. vol» 
XX. 98. The natives call these spots lickst or ^U^tiiii^'.'places. In some 
parts of Afric^i large herds of cattle travel from great distances at statedL 
^asons to enjoy the marinr plants which grow oh the coast and are sat^i. 
rated with sea salt. The fattening property of our own salt marshes ift 
well known to graziers and farmers < 

Whenever the finances of this country are in a state to allow the duty to 
be withdrawn, the greatest improvements in agriculture may be etpected 
from this salt. Mr. le Goux, in his history of the cocoa-nut tree^ tells us 
that the inhabitants of those parts of Hindostan and ChiDa^ which border oa 
the sea-coastf sprinkle their rice*fields with sea-water, and use no other 
manure} and that in the interior of these countries Ufey sprinkle the lands 
with salt before they are tilled $ and that this practice has been followed foe 
ages with the greatest advantage. 

* Muriate of potash has been found native in the bogs of Picardy i it Wa$ 
formerly much used by the .alum-makers to procure the crystallization o£ 
alum« Muriate of ammonia is the comc^on sal-ammoniac of commerce* 
Muriate of barytes and strontian are both factitious salts. Muriate of Wttit 
is found native in various states : it ts also furnished in abundance by the 
makert of carbonate of ammonia t it is used for the production of artificial 
cold. When dissolved in alcohol it burns with a flame of a beautiful red 
colour, especially if the solution be agitated daring the inflammation^ Mu- 
riate of magnesia is found in mineral and sea waters. 

i* This species of salts was discovered by Berthollet in liZSt 

X Those salts which have been called oxygenized muriates have been 
proved by Mr. Chenetix to be hyperoxygenized muriates $ that is, the acid 
Which forms these salts is in the highest degree of oxygen izement. He Waa 
desirous of exhibiting this acid in a separate state : but when he attempted 
to obtain it from only 500 grains of hyperoxygenized muriate of potash, the 
retort burst with a loud report, arid was reduced almost to powder | so that 
scarcely any fragment of it could be fornid in the laboratory. Dr. Vandiefr^ 
who was present, was near losing his sight by the explosion^ Phil. Trarrs^ 
vol. xcii. 126. 

The component parts of this salt are^ 

■ Hyperoxygenized muriatic acid 5S 
Potash ... - 3^ 

Water - • • • 3 

TOO' 



15i SALTS. ' Chap. 8.] 

combustibles, they detonate with great tiolence by mere friction 
or percussion, and sometimes spontaneously*. 

Cjpi you enumerate the hyperopcygenized muriaUs ? 

The chief are : the hyperoxygenized muriate of potashf , 
hyperoxygenized muriate of soda, hyperoxy^genized muriate oiF 
barytesi and the hyperoxygenized muriate of lime< 

iVhat are the generic characteristics of the NITRATES ? 

The nitrates yield impure oxygen gas mingled with nitrogtn 
-gas by the action of fire ; they give out a white vapour of nitric 
.acid when aq|ed on by concentrated sulphuric acid*, and when 
mixed with combustible substances produce at a red heat inflam^ 
mation and detonation:]:. 

Can you enumerate some of the nitric salts f 

*^ Fourcroy remarfcs of it, that << \\ seems to lAclude the elements of thua- 
def in its particles. A chymisft cair produce effects almost miraculous by 
its vdltvaAi and Nature seems to have concentrated all her power of detona- 
tion, fulminntion and inflammation in this terrible compound.** By tritu- 
rating gently 3 grains of this sdft and one uf sulphur in a mortar with a metallic 
.pestle, a series of detonations takes place resembling the cracks of a whip. 
If struck on an anvil, the report is as loud as a gtm. But too great caution 
cannot be exercised in the use of this salt. Three parrs of it with half a 
part of sulphur and half a part of choarcoal produce most dreadful and vio- 
lent explosions. But the shocking death of two individuals in October 
2788, and the burns which others have suffered by it, render it feared by 
Chymists in general. If the aforesaid mixture of this salt be thrown into con- 
centrated sulphuric acid, a flartie is developed so strong and brilliant that tlTe 
eye can with difficulty suj^rt it. Fourcroy, vol. iii. 313. It should be 
remembered that the mixture roust always be made moist, and never kept 
teady iwixrd, as it is liable to explode spontaneously. 

f Hyperoxygenized muriate of potash, which is prepared by art, is used 
in medicine and for other purposes. If mixed with stklphur or charcoal it 
detonates violenlly< Hence BeithoUet was induced fo pi'opose it as a substi- 
tute for nitre in the manufacture of gunpowder. The attempt was made ^ 
but no sooner did the workmen begin to triturate the mixture than it explod- 
ed with violence, and proved fatal to two individuafs who ^ere near it. 

Dr. Thomson, vol. ii. 432. Phif. Tran?. xcii. laS. 

Berthollet is of opinion that in this salt the oxygen i^tains all the caloric 
which it had when in a gaseous state. The concentration of the oxygen 
by its union with the potash is probably sufficient to account for its exple^ 
sive effects. 

A solution of this salt well mixed with common soap.in a mortar, is said 
to improve the soap so as to render it fitter for shaving tnan any 6f the kinds 
recommended for tha( purpose. 

The other hyperoxygenized muriates are prepared also by art, and are of 
little use, ei^cept the hyperoxygenized muriate of lime, which is employed in 
bleaching. 

X This may be shown by heating a little nitre in a crucible, and throw* 
ing powdered charcoal upon it. The charcoal will combine with the oxygen 
of the acid, and pass off in the stute of caKbonie acid gas.- 
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The more noted- are; nitrate of pptaidh''^, nitrate of sodaf, ni- 
trate of ammonia^ nitrate of barytes^ nitrate of strontian, nitrate 
of Iiine:|:i and nitrate of magnesia. 

IFhat are the generic characteristics of the CARSOITATES ? 

Some of the carbonates are soluble in water, and all of thetti* 
give out carbonic acid gas with a brisk and rapid efiervescence, 
when treated with the stronger acids $. 

Endeavour to enumerate the carbonic salts. 

The carbonate of barytes||, carbonate of stron^an, carbonate 
of limelf, carbonate of potash, carbonate of soda, carbonate of 
magnesia, and carbonate of ammonia, are the principal carbonates 
that occur. 

* Nitrate of potash, or talt-petre, is produced by nature in abundance, 
particularly in the ^ast : it appears that nothing is necessary for its produc* 
tion but the presence of lime, heat, and drv atmospheric air. The atmos- 
phere furnishes the acid ; but how the potash is given to it is not known* 

There is a natural ni^e-bed in Apulia in Naples, in which the earth con- 
tains 40 per cent, of nitre. Pelletier has publigned a memoir on the analysis 
of this valuable treasure, in thie Annales de Chimie, tome xxiii. 

In Switzerland, the farmers extract an abundant quantity of very fine 
Sftlt-petre from the earth under the stalls of their cattle. The urine of quad- 
rupeds contains much potash, and this acquires nitric acid from the atmos* 
sphere. See Additional Notes, No. xxii* 

Nitre is used in largie quantities in the manufacture of gunpowder, which 
it composed of 76 parts nitre, 15 charcoal, and 9 sulphur, in every 100 
parts of gunpowder. The best accpunt we have of this manufactuie was 
published by Mr. Coleman, the superintendant of the Royal Powder-mills^ 
in the Phil. Mag^ ^ol* ix. 355. 

When it \% considered that nitre was known, and in use long before it wsf 
distilled for aqua- fortis, or employed in the manufacture of gunpowder ^ 
what encouragement does this afford to chymists, to investigate the proper- 
ties of every ne\f substance which comes under their observation ? 

-f Nitrate of soda, according to Bowles, has been found nMive 10 
Spain* 

X Nitrate of lime is generally found native with salt-petre. If melted 
over the fire it becomes luminous, and forms what is called Baldwiii^S 
phosphorus. 

§ There are eleven species of carbonic salts at present known. There are 
only four species of native earths or stones which are combined with carbonic 
acid ; viz. lime, barytes, strontian, and magnesia. 

Crystallized carbonate of lime may be known by its lightness, afid by be- 
ing found in rhomboids. Its specific gravity is only 3.00, being (he lightest 
ot all the earthy salts^ 

y Carbonate of barytes was found native b^ Dr. Withering in 1783. It 
will probably become useful in the arts, as it 19 not so scarce and dear as it 
was fbtmerly. Carbonate of strontian is found native at Strontiaq in Scot- 
land i carbonate of lime exists native in a varietY of states in great abundance : 
the other carbonates are in general formed artificially. ^ 

^ Carbonate of lime is not soluble in water, unless the water itself be 
charged with carbonic acid. It is thus that nature dissolves calcareous 
masses k and it is owing to this that stalactites and other incrustation- 
formed. See page 99-^1 00. \ 
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What are the generic characteristics of the PHOSPHAVTMS P* 

The phosphates are fusible either into opaque or transparent 
glasses ; are phosphorescent at a high temperature ; are soluble 
in nitric acid without effervescence ; and are precipitable fron^ 
their solutions by lime-water 

Which are the chuf phqsphoric salts ? 

Phosphate of limef , phosphate of sodaj;, phosphate of am^* 
monia}^ and the phosphate of 3Dda and ammonia, formerly called 
ipicrocosmic salt||. 

What are the generic characteristic^ of the PH0SPHJ7ESl%, 

The phosphites yield a phosphoriescent flame when heated i 
^nd in a strong fire give out a portion of phosphoros, which coi)*' 
verts them into phosphates**. They are fusible by a violent 
li^at into glasSt 

Endeavour to enumerate the principal phosphites. 

The principal phosphites are ; phosphite of barytes, phosphite 

^ The only phoephoric salt which is found native is the aparite, or phoS« 
^hate of liire, which is found in abundance in many parts of the world. 

\ Phosphate of lime is found in bones, milk, and some other animal mat. 
ters. See Note, page 104. It is white, tasteiebs, and insoluble in water. 
jEiitire mouniaiiih in Spain are formed of this salt, Jt is composed of phos- 
phoric acid 41 parts, lime 59. It is prescribed by the French physicians as a 
specific in the racfiitis, to diminish the etfects of acidff which soften the bones. 
7ourcroy, vol. iii. 34^. See Bonhomme*8 paper on this subject in Annales 
de Chiipie, tome xvii. t the cases which he adduces are extremely curious. 

Phosphate of lime exists also in the farina of wheat. La Grange remarks, 
that a person who eats a pound of farina a day will swallow 3 pounds 6 ounces 
4. diams, and 44. grains of phosphate of lime in the year. Was not this de- 
signed by nature as a means of repairing the loss which our bones perpetually 
sustain ? It is a curious fact, that wheat jtratv, which was not intended for 
the f( od of ipan, contains carbanic of lime and not phosphate. 

It i<^ remarkable, that, though phosphate of lime is always found in the 
tirine of adults, this salt ic> not evacuated b) infants. The rapid formation 
of the bones in the first periods of life requires that there should be no waste 
of any of the phosphoric salts; and Nature, ever provident, has provided 
accordingly. 

X Phosphate of soda is formed artificially. It was first made and r^com- 
spended by Dr. Pearson. This salt is used in medicine as a cathartic, and 
18 much pleasanter than either Glauber or Rochelle salts. Jt forms very 
distn^ct spnall crystals \ and is uspd by some manufacturers as a flux instead 
ofb rax. 

§ Phosphate of ammonia is found in urine, and is also prepared by art 
to be used as an ingredient in miiking pastes to imitate precious stones. It 
is one of the best fluxes for expfi intents with a blow-pipe. 

H Phosphate of soda and ammonia is found in human urine, from whence 
it may be procured by ev-iporation in the state of a triple salt. 

^ None of these salts have \>een found in nature \ they are all formed artifi. 
ciaily, but they have not yei been brought into use. Fourproy distingvi.>beB 
eleven species of the earth) ^nd alkaline phosphites. 

•* The affusion of nitric or oxygenized muriatic acid will convert thts« 
vaUs to phosphates* 




of Uine» phosphite of magnesia, phosphite of potash, phosphite 
pf soda, and phosphite of ammonia*. 

Wlfoi are the generic characteristics of the FLUATES ? 

The.fluates are weak salts, jrielding, with concentrated sul- 
phuric acid, a vapour which corrodes glass. The are not decom* 
posable by heat, nor altered by combustiblesj-, 

JV^hich are the chief fluoric salts ? 
. Fluate of limej:, lluate of soda, fluate of silex, and fluate of 
alumine. 

What are the generic characters cfthe BORATES ?. 

The borates are all fusible into glass ; and with most of the 
metallic oxides, form glass of different colours^. Their concen- 
trated solutions afford, by the strong acids, pearly crystals of 
boracic acid. 

Can you enumerate the boracic salts f 



* This salt exhibits several curiQus appearances when treated with caloric. 
For particulars, consult Fourcroy. 

*{* These salts were first made known by Scheele in \^^^• Some of them 
phosphoresce when heated. 

.{ Ten varieties of fluate of lime have been found. They are of different 
colours, owing to the different degrees of oxidizement of the iron which they 
contain. If any of these coloured fluates be pulverized, and then heated on 
a shovel, .they will ^roit a violet phosphoric lisht, the cause of which is 
not known. We have no means of dissolving fluate of linne in water : but 
nature dissolves it by some unknown process ; for it is found in crystals, 
combined with its water of crystallization. This crystalline substance, 
which is known by the names of Derbyshire spar and Blue John, is used 
in making ornamental vases, &c. It is of various colours, and bears an 
excellent polish. Where there are flaws or cracks in the mineral, I am 
told the workmen have an ingenious method of fliling them up with lead ore, 
which they execyte so well, that it cannot be discovered but by very clost; 
examination. 

According to one of the last numbers of the Annalesde Chimie, it appears 
that fluoric acid is found to form part of the human teeth, and is probably 
combined with lime. It may be conjectured that this was a contrivance of 
nature, to give more durability to these important organs than they would 
have had by phosphate of lime only. 

Fluate of lime is very abundant in nature. It is often found in beautiful 
octahedral or cubical crystals. The other fluates are factitious salts, except 
.fluate of alumine, which has been lately found in Greenland, in a minersfl 
called the crysoUte of Greenland, It contains a large portion of soda. 

€ It is to the property which these salts possess of fusing mineral substances 
ana metallic oxides, that they arc used by braziers, tin-nien, &c. Sub-borate 
of soda is employed by chymists to fuse those stones which cannot be brought 
into fusion by the alkalies. In analysing stones and minerals, the great art 
it to bring them into solution. When this is effected, their component parts 
may be readily separated by the different chymical re-agents. 

Mr. Chenevix was unable to liquefy corundum by any means till he made* 
xne( of borate of soda.. 
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The principal are ; ^aivborate of soda*, borate of limef, IxMate 
of magnesia:|:, and borate of potash;. 

Tf^hat is the distinguishing, cbaracigfiitic ef the ARSENIAT±S? 

When heated with charcoal they, are decomposed, and arsenic 
sublimes,, which is known by its alliaceous or garlic smell. 

Which are the chief sohs firmed with arsenic acid? 

Arseniate of barytes, arseniatb of lime, arseniate of magnesia, 
arseniate of potash, arseniate of soda, and arseniate of ammonia^ 

What are the charaiiers of the TUNGSTATES ? 

The salts called tungstates are combinations of the yellow 
oxide of tungstisn with the alkalies' and earths. Most of them 
have a metallic and caoistic taste ||. 

Which are Hie principal salts farmei ninth the tungstic aeid7\ 

Tungstate of potash, tungstate of soda, tungstate of ammonia, 
tungstate of limef , and tungstate of magnesia. 

What are the generic characteristics of the ACETATES? 

The acetates are all very soluble in water ; are decomposed by 
the action of heat ; and afford acetic acid when distilled witl^ 
sulphuric acid. 

Which are the chief acetic ** salts ? 

Acetate of barytes, acetate of potash, acetate of soda, acetate 
of limeff , acetate of ammonia^:):, and acetate <A magnesia.* 

* This sa]t> which is the common borax of commerce, is called sub-borate, 
because it contains an excess of soda. According to Bergman, it requires 
half its weight of boracic acid to bring it to the state of a neutral salt. It is 
generally brought from the East Indies in a state of impurity. The article is 
then called tincal. Borax has also been found near Lunenburgb, in the 
dutchy of Brunswick, in a mountain of gypsum. 

Borax is found also at the bottom of pools of stagnant water, in the 
kingdom of Thibet. A particular account of the management of the natives 
in procuring it may be seen in Dr. Anderson^s Bee, vol. xvii. 22. 

-f What is called cubic quartz is a borate of lime and magnesia. 

X Borate of magnesia has been found near Lunenburgh. The other borates 
are factitious salts. 

§ Most of these salts are formed artificially ; few of them are used in the 
arts ; though some of them have been employed in calico printing* They ' 
were first formed by Macquer. 

II We owe to Scheele the discovery of these salts. They have lately been 
described with great accuracy by Vauquelin in Journal des Mines,' No. xix« 

^ Tungstate of lime, which is found native, is well known to mineraio^ 
gists: the other tungstates are formed by art. 

** Acetate of potash, acetate of soda, and acetate of ammonia, have long 
been known and prepared for medicinal uses ; the other acetates have not yet 
come into use. AcetaLc of potash was known and described by Raymond 
Lully. 

ft According to Plip.y, acctaic of iline was used by the ancients in surgery* 
Lib. xxxvi. cap. 24. 

IX A solution ol this -:ait hx=. !:-.'::i ..>. -2; known in pharmacy under the 
name ot Mindererus^ s .^firit. 
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What are the generic characteristics of the OXALATES? 

The oxalates are decomposeable by a red -heat; lime-water 
precipitates a white powder from their neutral solutions, which 
powder is soluble in acetic acid, after being exposed to a red 
heat. Th0 insoluble oxalates are rendered soluble by an excess 
of the more powerful acids^. 

Can yofi enumerate the principal opsalic salts ? 

Oxalate of lime, oxalate of barytesj oxalate of potash, oxalate, 
of soda, and oxalate of ammoniaf . 

What are the generic characteristics of the TARTRATES ? 

When the tartrates are exposed to a red he^t, the acid is 
decomposed, and the base remains. The earthy tartrates are 
less soluble than the alkaline, but they are all capable of com- 
bining with another bas^, and forming triple salts. 

Can ^\i enumerate the principal tartaric salts? 

Tartrate of lime|, tartrate of strontian, tartrate of potash, 
tartrate of potash and soda, and tartrate of potash and ammonia. 

What are the generic charaEleristics of the CJTRATEB ? 

The citrates are decomposed by the strong mineral acids; the 
Oxalic and tartaric acids also decompose them, and occasion an 
In^luble precipitate in their solutions ; and when distilled they 
yield traces of acetic acid. 

Which are tin principal citrates f 

Citrate of barytes, citrate of lime, citrate of potash, citrate ct 
sod^, and citrate of ammonia§. 

What are the generic charaEleristics of the CAMFHORATES f 

The camphorates have generally a bitterish taste *, they ard 
4eComposeable by heat, and burn with a blue flame. 

* This genus of salts was first made known by Bergman in his disscrtatiun 
,9n oxialic acid. 

f Qxalatepf lime is one of the compounds most frequently found in humaif 
calculi. Vauquelin, Annales de Chimie. 

•OxaJl^ite of potash is prepared in England in considerable quantities fur 
the calico-printers. It is found ready formed in the juice oi ^ood-sorrelt 
in the state qf a superoxalate. The other oxalates are not yet come into ust4 

X Tartrate of lime is found in the tartar of commerce ; and it is also formed 
Jhy ar^, by adding lime to a solution of tartar in boiling water. This latter 
sah 18 procured from the inside of wine casks, and is used in large quantities 
by 4ycrs and other manufacturers, both in its crude and reAned state. In the 
former it is called argol^ and in the latter cream of tartar j both these articles 
tpiytain ^n excess of acid, and therefore are properly ja^^r- tartrates of potaith^ 
TartiTite of potash and soda is what is usually called Rochelle salt, or sei Je 
SeignettCi it is formed artificially by adding soda in crystals to a soluiiun of 
Cream of tartar, till the excels of acid is saturated. The other tartrates are 
nade without any view to their use in the arts. 

f These salts are all formed artificially. Citrate of potash is used much 
Id medicine, and is called saline draught, Tlie other citrates a:e i^ut vci 
Cound.. to be of any use* 
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Which are fhe prittcipal camphor atest 

Camphorate of lime, camphorate of potash, cainphbi^te of 
soda, camphorate of barytes, camphorate of ammonia, campho- 
rate of magnesia, and camphorate of alumine*. 

What ere the generic characters of the SU BERATES? 

The several suberates differ so much in their properties, thftt 
it would be difficult to characterise the genus otherwise than by 
saying that they generally possess a bitter taste, and are decom- 
poseable by heat. 

Which are the principal suberatis? 

Suberate of barytesf, suberate of potash, snberate of lime, and 
suberate of ammoniaf. 

What are the generic characters of the PKUSSJATES^ 

The prussiates are so variable ill their characters, and so easily 
altered, that little attention has been paid to their real nature. 
In the alkaline prussiates the acid is united so feebly as not to 
destroy their alkaline properties. The triple prussiates. are those 
most known, and of most use to chymists« 

JVhich are the principal prussiates ? 
' The prussiates of iron, prussiate of lime at)d iron, and the 
prussiate of potash and iron, formerly called prussian sdkali^ 

How are these different salts known from edch other f 

They are known by the figure of their crystals §, by their taste, 
by their fusibility, and other marks, which are called their specific 
characters, and which have been discovered by chymists for dis* 
tinguishing thedi* 

What is meant by the figure of their crystals ? 

There is a great variety in the form of crystallized salts ; eaA 
salt during crystallization preserving its own peculiar form||« 

* The^e salts, which have not been applied to any useful purpoee, are 
iUo all fotttied aftifitially. For an account of their properties, consult 
Bouillon la Grange, or any system of chymistry, 

t These salts, ^hich are all factitious, are lik^viee libt yet brought into 
Use. 

X The prussiates afe dll made by art, but the class is very interesting.. 
There are four different prussiates of iron, which differ fr6fn each other in 
consequence of the different degrees cf oxidi^ement of the iron. Prussiate 
rf lime and iron is used a(» a test to ascertain the presence of metals held in 
solution. Prussiate of pctath aftd iron, known by the name ot Prussian 
alkali^ is the best combination of the |)russic acid for the same purpose, 
especially for detecting the existence of iion. It is of the utmost importance 
\o chymipts is are-agent. For the bttt method of preparing this test, con- 
Jult Dr. Thomson. 

§ The best work on this subject is, I believe, that of the Abbe Hauy, to 
which I refer the student. 

H When, either by the diminution of the quantity of liquid, or the 
♦eduction of the temperature, the foice of cihesion causes a sepz^ration of a 
Vo>tion of the dissolved substance, in almost all cdses the parts ^hich are 
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"Thus, conitnon cutihary salt always cfyst^Uizes in sib^U icubes^ 
^nd sulphate of soda io six-sided prisms. 

Haw is tie cryitaUization of salts effected*? 

When a <!eftain portion of the wat^r b evaporated (roiA 1 
saline solution^ and the remainder left at rest, the salts will 
shoot \tkX6 cryistaby Slnd will b^ foiind dispersed thrbugh the 
mother water at the bottom and at the sides of the Vesself . 

What is meant by mother water? 

Mother water is the liquor which remains after a salt has tota^ 
bined with its portion of water necessary for crystallization. By 
further evaporation and cooling % nioth^r Waters generally afford 
a ft'esh portion of salt. 

Separated form a r-gular arrangement ; owing to the relation betweeii theli^ 
figure and their reciprocal affinity.— -Hence those crystals which Nature 
otfers ill such variety, and which are produced in so great a number of 
cbymical combinations. > 

The plates which continue to be added (either because the crystal acts oit 
the dissolved substance^ or because the cause of the separation continues to 
exist in the liquid) Hre composed of moleculae similar to the first, and con- 
tinue to augment the bulk of the cryntaly pieserving its first form ; never^ 
t^eless, tKis increase may be determined toon^ face in preference toanother> 
according to the position of the crystal and the circumstances in which thd 
solution is found* Berthollet^s Chymieal Statics. 

^ Crystallisation is effected by means df water or Caloric, onb of which 15 
necessary to keep the parts of the substance in a state of minute dilrisioD. 
In order that regular crystallization may take place, it is necessary that tht 
flbid, whether water or caloric, or both, should bfe subtracted gridually« 
This eives an opportunity for the parts of the substance to unite regularly^ 
according to their several attractions, and to produce regular crystals % 
^bereas> a sudden abstraction of' the fluid causes the particles often to unite 
in a shapeless mass; 

Sir Isaac Newton seems to have had a Very cleai- idea of the iiaUse of 
ci7Stalltzation. ** When,'* says he, *< a liquor saturated with salt is 
evaporated to a pellicle, and sufficiently cooled, the salt falls in regular 
crystalu Before being collected, the saline particles floated in the liquor, 
equally distant from each other ; they acted therefore mutually ot\ each other> 
with a force which was equal at equal distances^ and unequal at unequal 
distances J so^ in virtue of this force, they must arrange themselves in aU 
oniforra manner/* Opt. book iii. 

'\ In large laboratories the salts of commerce are prepared by eVaporatidrt 
and cooling, but it is necessary to vary the process for almost every diffi:renC 
kind of salt4 So much nicety is necessary, that many manufacturers are 
much perplexed by this part of their business, till they have established each 
process on the basis of experiment. 

Some valuable directions for crystallizing salts may be foutid Xvi Dn 
CampbelPs paper, in Nieholson^s Journal, 8vo. vol. ii. 117. See also L# 
Blane^ii directions in same work, vol. i. 191. also the Encyclopaedia Britan« 
nica, vol. iv. 443. 

t For boiling down saline liquors in the largft Way, leaden boilers; ot' 
boilers made with plates of sheet iron ri vetted together, are the most proper^ 
The plates, I speak from experience^ should not be more than nin' 
jnchcs wide, made of the best tough ham?nered ij on^ three-eighth? of 

SI 
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Jf^kat if the'tause of the crystallization of salts ^ 

The crystallization of salts is owing to their fof ming a chy^ 
mical combination with a portion of the water in which they are 
dissolved ; in which combination the water parts with its caloric^ 
mid takes a solid form*. 

W%at is the water called ivhich combines *with salts during tbeit 
crystallization ? 

It is called the wafer of crystallizationf • 

What quantity of water do salts combine with during their crystaU 
lization P 

The quantity of water varies very much in different salts; fot 
though some salts take up very little water, others combine with 
more than their own weight, which is the case with alum, car^ 
faonate of 8oda|, and others* 

thick in the middley and one foorth of an inch thi£k at their edget • If madtf 
tvitb ^ates wider or thinner, the bottom will warp^ and soofi become utelcts^ 
Common rolled iron will be sufficient for the sidies. These pans are roantt<« 
factored best in Lancashire and Cheshire, where there is a great demand for 
them for the sak wi6bes4 Boilers of cAtt iron would crack by the adbesion. 
of the salt to them. 

* It must not be imagined 'that all crystallization is owin? to solution in 
water. Melted sulphur always crystallises on coolingt which is the cate 
with many substances that have endured a strong heat. Many of the metals 
crystallise in this way, particularly grain tin. Nothing can exemplify thit 
kind of crystallization better than muriate of lead, commonly called patent 
yellow. It ailbrds beautiful and regular crystals on cooling. (See Addi- 
tional Notes, No. xxiii.) If glass be kept in.a red beat for a long time and 
cooled gradually^^instead of being the transparent body we generally see it— « 
h will crystallize like metals. Starch is another instance of dry crystalliza- 
tion. Probably these dry Crystallizations are all owing to the shrinking of 
the substances by the loss of caloric^ Dr. Garnet accounts fof the origin of 
basaltes in this way : (See his Tour to the Western Isles.) The Giants^ 
Causeway in the county of Antrim, in Ireland, is the most stupendous na- 
tural curiosity of this kind in the world. It is formed of perpendicular piU 
lars of hasaltes/ which stand in contact with each other. The pillars are 
irregular prisms of Tarious forms, from three to nine sides ) but they are 
principally hexagons. The appearance of the whole is as neat as it is mag' 
fiificent. The columns at Fairhead are i^o feet high/ arranged in the ut« 
mo£t regularity and order ^ from the base of which to the le?el of the sea there 
is a precipitous declivity of at least 300 feet^ making together a perpendica^ 
lar height of 550 feet. For a further account of this most astonishing na- 
tural curiosity^ I refer the reader to <* The honourable Mrs. Murrayli 
Companion to the Western Highlands of Scotland,** and to ** Dr. Richard- 
son*(i Observations,*^ in Nicholson's Journal, vol. t. 410. 3af . 

Basalt is used now in the manufacture of glass bottles. If calcined and 
{>ulveiized it imparts to mortar the property of hardening under water. 

Rec8*s Cyclopiedia* 

f This water /0//W(^(r/ as the salt crystallizes^ and becomes itself a part of 
the salt« When abstrarted from salts^ h h found to be at pore as distilled 
%ater« 

I Take a portion of sulphate cyf soda (Glauber^s salt) al^d dry it oter 
^ icnimon fire^ which will rtdiKt it to loss than half its wtighfU DissoWtr 
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An talis as unalterable in their appearances as their chjmical pro* 
pertiesP 

No : crystallized salts are liable to changes in their appearance 
by exposure to atmospheric air*. Thus some salts deliquesce^ 
and others effloresce, so as to lose their crystalline form entirely 
by such exposure. 

JTbat is meant by the DELITESCENCE of a salt ? 

Some sales have so great an affinity for water, that they absorb 
it with avidity from the atmosphere. Such salts thereby become 
moist or liquid, and are said to deliquesce, by exposure to at* 
mospheric airf . 

What is meant by the EFFLORESCENCE of a salt? 

Some salts having less affinity for water than atmospheric aii^ 
hasj:, lose their water of crystallization by exposure to atmospheric 
air, and fall into powder: such salts are said to effloresce. Car* 
bonate and sulphate of soda are good examples. 

this dried salt in three times its weight of boiling water, set the liquor aside, 
andy when cold, beautiful crystals resembling the original crystals will be 
found in the liquor. By an attenti?e examination of the liquor, the crystals 
may be seen to form as the liquor cools. This is a cheap and easy experi* 
ment, and may be exhibited to the pupil as an example of crystallization in , 
l^eraK 



* A Table of the Action of Atmospheric Air on Salts« 



Potash 
Soda 

Carbonate 7 
of potash 1 
soda 
— *- ammonia 
lime 
■ ■■ magnesia 
Sulphate of 1 
potash 3 
n soda 
-r— lime 
-— — ammonia 
'— — magnesia 



Deliquesces 
Sub-deliquesces 
If in crystals, 

none 
Effioresces 
None 

None 

None 

None 

Effloresces 

None 

Sub- deliquesces 

Effloresces 



Nitrate of ? 
potash J 
soda 

■ ammonia 

— — b&rytes 

« lime 

■ magnesia 
Muriate of ? 

potash J 

— soda 

— lime 
— -— ammonia 

— barytes 
li*— - magnesia 



None 

Sub'deliques es 
Agglutinates 

1 bliehtly cf- 

2 norescent 
Deliquesces 
Deliquesces 

None 

None 

Deliquesces 

Sub-deliquesces 

None 

Deliquesces. 



f Some of these salts have so little force of cohesiou, that the action of 
^i^tcr, however small the quantity, is sufficient to prevent their cryscaliiM- 
tion • but alcohol having a greater affinity for v^ater than the water has for 
these s^lts, the action exerted on them by the water is diminished by the ad- 
dition of alcohol, and crystallization takes place. This shows that they 
do possess in themselves an active cohesion of parts. BerthoUet. 

t Muriate of baryte?, muriate of soda, and some other salts seem to have 
exactly the same affinity for water that atmospheric air has. Such salts 
neither tffloresc^ nor deliquesce by any exposure to the atmosphere. 
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. ^re salts capsule of any other changes besides eghresanc^ and delU 
ijuescence ? 

Yes : salts have the properties of solubility*, and fusibility* 

What is meant by the OLUBIUTT of a salt ? 

Salt? in general have the property of dissolving in ws^ter; but 
flie different salts possess different degrees of solubilityf . 

What is meant by the fUSlBlLITT of these. S(^ts ? 

Salts have not only the property of dissolving in water, hut 
^11 melt by exposure to great beat. The different salts requir<i 
difierent degrees of heat to put them in a state of fusion j:. 

Have the different salts any action upon each other ? 

Yes: we have many instances of s^lts mutyaUy decomposing 
iMh ptbeff 
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* Table or the Comparative Solubility otsome of the Common Sahs. 



Salts. 



' Solubility in 
loo parts of 
water. 

:at 6o0.iat 212°. 



•nr^ 



Sulphate of potash 
-r— soda 
— lime 
— — ammonia 



6*%5; 20, 

37- "J- 

0.2 0.22 

50. ;IOO, 






■ I magnesia 100. 133. 

Nitrate of potash j 14.2510. 
> ■» soda 33 ,iQO, 
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Muriate of pK>tash 
I. J ■■ ! ■ sod 9 
■ lime 

— — ammonia 
Carbonate of potash 
■ soda 

■ ■ ■^ ■■ ■ ammonia 



Solubility in 
100 parts of 
water. 



at 60O. 



33- 

35 4^ 
200. 

33- 
25. 

so- 



ar 2I»®« 



\ 



36.16 



83.33 
100. 

lOO. 
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f Th^ most general rule for judging of the solubility of a salt is by ita 
taste. Thos? salts which have the most taste ere generally the moirt soluble 
in water. 

This difference in the solubility of salts is of great use in separating the 
salts from'each other. The refiners of salt petre operate entirely on this 
principle. Rough petrf is always contaminated with a portion of mpriar^ of 
soda and other s^^lts. In order to separate thepi the) dissolve the whole in 
water, and by boiling the solution, and evaporating a part of the water, the 
muiiate of 6od»» ^c. falls down| while the salt petre is held in solution^ 
Whe.^ the greatest part pf these salts is thus separated, the remaining liquor 
it suffered to cool, and the nitrate of potash is obtained in cry&tals. 

Most salts di-solve more copiously in hot than m cold wat^r. Muriate 
of soda, or sea-salt, is almost the only exception to this general law. W«g 
this a contrivance of Nature in reference to vhe waters of the oceaHf which 
ure enabled to taVe up nearly as much salt as \i they w^r^ in a state af 
ebullition ? 

I T^i^les of the fusibility of the different salts have not yet been foimcd | 
but with the aid of Wedgwood's pyrometer it would be no very difficult task 
to ascertain the degjee of fusibility of each. 

The relative fusibility of several of th«;nv is already known. For instance \ 
Ht I^ known that sulphate of prrash re(^uire8 a much more intense heat to put 
^t in a state of fusion than sulphate o^soda, &j?, J^itrstc and ^gri^t«<Q]p 
^oda melt as soon as they become r^d.*^ 
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WTnft tahs place in these decompositions ? 

Wiien such salts are mixed in solution> the acid of the jftrst^ 
having more affinity for the hase of the second than for its own 
base, unites itself to it, while the acid of the second combines 
with the base of the first ; so that two new salts are produced^ 
differing in appearance, and possessing properties different to 
those of the original salts. 

Wiat is the cause of these effects ? 

They are owing to chymical attraction, and are called douUe 
decompositions, or decompositions by compound affinities*. 

What use is made of these decompositions? 
. By these means many valuable salts are procured for the use 
^f the chymist and tb? manufacturer, which can be formed in no 
Other way f- 

What knowledge have we attained respfctir^ the native salts ? 

Many of the salts are found native; and since the science of 
mineralogy has been so much cultivated, great attention has t>eeQ 
paid to*these natural productions:]^. 

What salts are furnished by nature in the greatest abundance? 

The carbonates, the sulphates and the muriates, are most abun-i 
dant ; but soiq^ of the nitrates, borates, &c. are also found na- 
tive. 

Which of the carbonates have been found native ? 

Of carbonate of lime$ there are immense mountains in most parts 
of the world ; carbonate of barytes has been found in Lancashire 
and eUe where; carbonate of Strontian, at Strontian in Scotland % 
carbonate of soda, in the natron beds of Egypt and in the East 
Indies 4 and carbonate of potash has been discovered in spring 
water. 

What sulphuric salts are found native ? 

Sulphate of soda is found in sea<r water, and in salt springs |j & 

* Those who wish to investigate this subject may consult Berginan*a 
treatise on *< Elective Attractions,** or Fourcroy^s last System of Chyraical 
Knowledge. 

i* The following are some of those useful sails which are not found native, 
but are formd entirely by art ;-«^ulphate ot ammonia, nitrare and muriate 
•f barytes, nitrate of ammonia, oxygenized muriate of potash, phosphate of 
8o«ta,' phosphate of ammonia, &c. 

I Foarcroy is of opinion, that in proportion as fossils are examined, all 
tht salts which art ean fabricate will be found native. 

% Carbonate of lime is found also in a crystallized state, called calcareous 
sfeerm It has never yet been crystallised by art. This process of nature, 
ior aught we know, may require many ages to efiect. 

II According to the analysis of M* Lavoisier, the proportion of sulphate 
■ of soda in sea-«vater is very small. Some time ago Mr* Hume analysed th« 
' famous Godstone mineral water, and found it to contain i6o grains 

phate of soda per gallon* k 
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sulphate of magnesia, in spring ifater^ ; sulphate of alumine^ in 
abundance at Whitby; sulphate of barytes, in Derbyshire and 
other parts of the world i sulphate of strontian, in the neigbbour« 
hood of Bristol; and sulphate of lime is an abundant mineral \a 
the vicinity of Paris and in several of the counties of Englandf • 

TFhat native MURIATIC salts are there f 

Muriate of lime and muriate of magnesiaj: are found in abun^r 
dance in sea-water ; muriate of ammonia appears in the neigh- 
bourhood of volcanoes ; and muriate of soda not only exists m, 
immense quantities in the ocean$, but vast mountains in di£f 

* Sulphate of inagnfsia and sulphate of lime are both very common rn our 
sprinz watei-g \ the last salt and supercarbonate of lime are the chief causee 
of what we call hard waters, which are unfit for washing and solution of 
soap. When soap is used with these waters a double decomposition takes 
place ; the sulphuric acid of the selenite unites with the alkali of the soap 
and foims sulphate of potash* or sulphate of soda, which remain in solutioUi 
while the magnesia or lime unites with the tallow and forms an insoluble 
compound which swims upon the surface of the water like curds. In this 
way hard waters require much more soap for any given purpose than rain water, 
or wattrs which do not contain these earthy salts. Such waters are also unfit 
for boiling any esculent vegetables but they may be rendered soft by adding 
a little soda or carbonate of lime to them »4 hours previous to their use, 
Selenite, being a super -sulphate, the superabundant sulphuric acid will 
combine with the alkali| 6(c. and the salt, reduced to a common sulphate, 
will be precipitated, 

f Sulphate of lime is gotten in great abundance, at Chelaston near Perby, 
and at Beacon Hill near Newark. At the former place Soo tons are annually 
raised ; it is sold at ^i. per ton on the spot. The price at Gain^bro* is 8/, 
per ton. This mineral is much used in Derbyshire for making the floors of 
chcefie-chambers, store-rooms, granaries, &c. They burn the gypsum, 
grind It to powder, and then mix it with water. In this state it is laid upon 
the floors about 2| inches think, and when dry is a smooth and durable 
fijonng. The whole expence is generally less than ij. 6</. per square yard. 
Gyspsum is also found in most of the cliffs of the Severn, especiiilly at the 
O.'d l^assuge near Bristol. For the IfOndon marker, perhaps, it might be 
gotten chtrapest from Sheppy Isle, where it may be had in abundance. 

\ The magnesia of commerce is generally procured . from this source. 
It is picpared in large quantities in the island of Guernsey, and else- 
\vhe:e. 

^ In the south of France large trenches are cut near the sea, which fill 
wiih sea-water at high tide; the water being confined there by flood-gates, 
the (un evaporates it and leaves the salt in the trenchts, from whence it is 
]a:d up to dry for use. Nicholas has published a long memoir on the ma« 
nufacaire of salt, in Ann, de Chimie, torn. xx. 7S-^iSg. 

The ocean contains from ^yth to about xj^th of its weight of salt. On 
account of the cheapness of the fuel at Newcastle, salt is procured there by 
the evaporation of sea-water. They evaporate 30 or 40 tons of water to 
procure one ton of salt. 

At $o:ne places in Cheshire, they draw the brine from the salt pits and 
8:iturat5 it with rock salt previous to their boiling it down. The port of 
L'verp ol is supplied fiom these wiches, where it is sold for ij. per cwt. for 
fxj'. i^a-un. Acc^rdisig to loid Dundonald, loo tons of a saturated solu* 
t:cM of rxk sal: in sca-waier contain 23 tons of salt. 
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ferent parts of the world arc entirely formed of this salt** 

Which of the NzTRIC salts ar\ found native? 

Nitrate of potash combined with calcareous earth occurs in 
Various places ; nitrate of magnesia sometimes appears combined 
with that salt ; and nitrate of lime is found in calcareous stones^ 
itnd ia mineral springs : — these are the only nitric salts that have 
been.seen native in any large quantities. 

Are any other of the salts found native? 

Yes: vast rocks in Derbyshire and elsewhere are formed of 
fluate of limef } borate of soda is found in a crystallized state in 
the kingdom of Thibet \ and phosphate of lime, which is the 
basis of all animal bones, exists native in Hungary, and composes 
several entire mountains in Spain* 

How do you imagine that these immense masses of salts have been 
formed by nature? 

The vast mountains of salts which occur in various parts of 
the earth were probably formed in very remote ages, and by 
processes of which we can form no idea. It may be supposed 
that some of these processes were slow and gradual^ as several of 



In Sweden they freese the sea-water, throw away the ice^ and boll dowil 
Jthe remainder to salt. 

In the landgraviate of Thuringit in Saxony a new method has been adopted 
in the.manufaeture of salt. A number of vessels of wood are placed fimi 
upon posts 6 feet from the ground, which may be covered or uncovered in 
tn instant by a itioveahle roof, accordingly as the weather is dry or rainy. 
In this manner salt is obtained by the mere heat of the sun, which is much 
purer than that Mrhich is procured by evaporation in boilers. Nicholson*i 
|ournaly 4to. vol. ii. 71. 

* The salt-mines near Cracow in Poland^ Mrhich have been worked ever 
since the middle of the thirteenth century, contain an imitiense store of this 
sftlt. The excavations have been made with so much regularity and beauty, 
that these mines are visited by travellers as one of the greatest curiosities in 
the world. Eight hundred workmen are employed in them, who raise 168,009 
quintals of salt annually. Through the enormous mass of salt, which ytr^* 
tents to the eye no interruption in its saline texture, and at the depth of 459 
feet, flows a stream of pure, fresh, and transparent water^ which is received 
in large wooden vessels, where the workmen and horses of these suhtciraneaii 
feg^offs quench their thirst. As it was impossible that this spring could 
filter through the salt> Nature, which buries her masterpieces in the bowels 
of the deepest mountaiufi, has placed in this monstrous mnss of salt a stra- 
tum of clay sufficiently thick to allow this stream of water, destined to refiesit 
the workmen, to pass through it in such a manner as to be protected fiom 
the action of the salt, of which a very small quantity would injure its salubri^ 
ty. dec an interesting account of these mines in vol. x. of the PItil. Maf^^ 

•f This crystallised substance is used for vases and other ornamental work^ 
some of it being extremely beautiful. It obtained the name oiJUior spar, on 
Account of its being readily fused. It has alfo been called 'vitreous spaiy 
because when fused it has the appearance of glass. It is generally found m 
ttry regular cubical crystals, and of various colours* See pn^c 1^7. 
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the native satts ^xliibit, marks of r^ularity sliid b^Uty in theii^ 
crystallization which cannot be imitated by art*. 

Have geologists attempted to account for the production of the ini'^ 
tnense quantities of salts found in different states in various parts of 
the earth ? 

The cause df this ofder of things can ohijr bfe rrfetf ed fo the 
will M the Creator, who has seen fit, in the composition of many 
of the mountainous parts of the globe, tO prefer these cothpotind 
substances to the simple dnd ineft earthsf . 

Can you see any advantages arising fooni this pr&fusidn of salts? 

The beneficent Creator doubtless fbresaW many advantages 
Which would arise from this constitution of things, of which we 
can have no ideaj:. Indeed his bounty appears to have been so 

* In order (o account for thc^se productions of nattife, vslrious theories of tba 
world have been formed by philosophers in different periods. Sonie ot these 
have had many supporters. Thus we have had the theoriea of tiurnet^ 
Woodward, Whiston, BuftoD. Whitehursti La Placfc, and others* 

The theories wh<ch divide the opinions of geoiogisfs of the present day, are 
those of Hutton and Werner. The former supposes the agency of fire, and » 
called the Plutonian system; the latter^ which attributes all the present ap- 
pearances of the globe- to the effect of water, is called the Neptunian systfiro« 
The reader may become acauainted with the aiguments which have been ad- 
duced in support of both these theorich, by means of the following works^ 
which cannot fail to prove extremely interesting to those who are fond o^ 
such inquiries: ** Flayfair^s Illustration of the Huttonian Theorjr of tht 
Earth,** 8vo. iZoiu And ^* An Dxainitiation of Playfair, by Mr. Murray 
of Edinburgh.'* 

f We have abundant reason to believe that fiothirtg is fortuitotis, but that 
every thing upon this fair world of ours is the effect of design ; for every 
thing around us bears evident marks of the skill and beneficence of its Om- 
nipotent author. Is it not then reasonahile to infer, that the forifiation of 
the whole of the globe entered into the iDivine plan j and that the constitution 
of the interior of its mountains resulted from the determination of infinite 
^Visdoln, and must have important uses in some future period of the world f 

For lives the man whose universal eye 

Hath swept at once the unbounded scheme of things $ 

MarkM their dependence so, and firm accord^ 

As with (infaultering accent to conclude 

That this availeth nought t Thomson^ 

I It is probable that the profusion df earthy and akalitie salts which occurs 
hi the more elevated parts of the earth may, amon^r other purposes, have been 
iiitended as magazines for the future renovation of the soils in their vicinities. 
They are in general of a nattire to be washed down by the rains j and, by 
means of rivers, 8cc, are sometimes transported t6 considerable distances 
from their native beds. It is remarkable that these salts are generally found 
only in the secondary mountains, the materials of the frimitiije rocks bein^ 
entirely different. These latter contain no rerrainsof orsrrinic bodie<^ whatever^ 
and are composed, for the most part, only of five in-ifd et t>, viz. quartz, alu- 
it>ine, lime, magnesia, and iron 5 of which quartz is bv i^i h raos; abundant 
t^nd univeisah Though a comparative sottness has been given to the secori* 
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extensive, that the Inhabitants of this world tin never be in 
iK^ant of any of thdse substances which are so oseful to them in a 
variety of ways. Should its latest inhabitants have occasion for 
an alkali, or a mineral acid ; for an earthy or a metallic salt, they 
will have only to repair to a mountain or to the ocean fo^ aa 
inexhaustible supply. 

dary mountains, which thus appear to have bectt designed for the succeMive 
^^codnction of alluvial depoiidons, &c, the rocks of granite, the pillars 
•f the globe, are so extremely hard, that it is imagined they would resist the 
constant washing of the ocean for ages without any apparent dimmutioa. 
Where they were originally fixed by the band of Nature** 

T4iey still remain. 
Amid the flux of many thousand years. 
That oft has swept (he toiling race of men. 
And all their laboured monuments away« 

THCIM8OII4 

In this arrangement we perceive nothing like a fortuitous concourse of 
Atoms, but, on the contrary, the same satisfactory tnarks of contrivance, 
which obtrude themselves upon us whenever we study the phssnomena of the 
World, or behold any of the great operations of Nature. 



Chapter ix. 



Ot SIMPLE COMBUSTIBLES. 



f^HJT is a SIMPLE substance ? 

Those bodies* which have neVcfr jr^ bcf^ii dcfcoxhposecl fi0f 
formed by att ar^ callcfd simple substances. 

* "The most mintite particle^ into whieh any substance can be divided smi* 
kur to each other, and to the substance of which they are paii'td, are termed itt 
ift^Ti^ particles $. the more mintite particlesintb which bodies tan ultimate* 
iv be divided by cbymical means are called their elementary particles.** i>r« 
Duncan, 

^2 
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How frtanj sim^ substanas ote there f 

The simple substances at present known amount to 41* ; they 
are called radicals. 

Cam you enumerate tie single substances? 

All the simple substances that we are , acquainted with are, 
Hght) caloric, oxygen, nitrogen, iburiatic aeid, nine earths^ the 
four simple combustibles, and twenty-three metalsf. 

h it nioeil ascertained that these are all simple substances? 

It is posrible that some of these bodies may be compound ; but 
as no mode has yet been discovered of decompoundfaig any of 
them, it is natural to conceive them to be real simple undecom- 
poseable bodies:^. 

Having already examined the nature ef all these substances^ except 
the combustibles^ iMfe shall now enter upon the consideration cf that class 
of bodies. — Endeavour, therefore, to enumerate the single COMBUS^ 
riBLES. 

Besides the metals$ there are four simple con^ustibles, viz. 
hydrogen, sidphur, phosphorus, and carbon. 



Suppose a little common salt were reduced to powder, even though it be 
ground as fine as could be effected by art, still every single particle, however 
minute, would consist of a particle of soda and a particle of muriatic acid ; 
common salt being a compound body incapable of decomposition by mechanical 
means. But if we take a pifece of sulphur, and pulverise that in the same 
way, every particle will be a homogeneous body, sulphur being one of the 
simple substances. 

* If these substances were all capable of combining together, the com- 
pounds formed by them would amount to a great many thousands ; but many 
of them are incapable of combining with each other. 

f If we omit the earths (and there is some reason to suppose that these are 
compound bodies) mfost of the simple substances are combustible, or bear 
some relation to combustion, either as products or supporters of combustion. 

Light and caloric are evolved during combustion $ oxygen is the principal 
agent of combustion ; and hydrogen, nitrogen, sulphur, phosphorus, carbon^ 
and the metals, are the subjects, or the true instruments, of this process. 

X It is curious that most of those substances which were thought by the 
old chymists to be the elements of all other bodies, are found by our im- 
proved methods of experiment to be more or less compounded \ while of those 
which were formerly ranked among the class of compounds, there are a great 
number that are really not decomposeable, and can only be placed among 
the simple bodies .^ Air^ firef 'water i and earthy were by the ancients called 
the elements of the globe t modern chymistry has demonstrated, that the 
three first of these are really compound bodies ; and there is reason to believe 
fhat the latter is also a compound. On the other hand, sulphur^ phosphorus f 
earboHy and the metals, which fve call simple substances, were 8uppa«ed for- 
merly to be compounds. 

^ The metals ought to have been included in this chapter with the other 
simple combustibles ; but as several of their properties are so very different 
to the four substances now desfribsd, it was thov^t most adviseablt to mat 
af ihem separately v 
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WTrj are these substances called SIMPLM comhatiUes 7 

Noc only because they are simple substances, but it is to dis* 
tinguish them from a variety of combustible bodies which are 
compounded of two or more of these simple elements*. 

h will be necessary to examine each of these substances separately:-^ 
therefore what is the naturef of HYDJtOGEN f 

Hydrogen is the basis of inflammable air]:, and is one of the 
component parts of water §; but it cannot be exhibited in a 
separate state. We therefore know it only in combination with 
other substances, or with calorie in th^ gaseous form. 



* For the nature of the compound combustibles, consult the chapter on 
Combustion, 

f Mr. Cavendish was the first person who examined hydrogen gas and 
pointed out its naiurt. Dr. Black then suggested the propriety of applying 
it to the inflation of air-balloons; but Mr. Cavallo first put it in practice. 
This gas is about twelve times lighter than atmospheric air. 

X Like all other combqstibles, hydrogen will not bum unless in contact 
with atmospheric air> or some substance that contains oxygen. Jf a portion 
of atmospherie air be mixed with this ga8> and fire be applied, it will explode 
with Tiolence. It is related of Pilatre de Rosier, that having mixed one part 
of common air with nine parts of hydrogen gas, and drawn the mixture into 
his lungs, it caught fire by accident as be respired, and the whole of the 
gas exploded in his mouth and nearly stunned him. The shock was %o 
violent, that at first he thought the whole of bis teeth had been driven out, 
but fortunately he received no injury whatever. Being myself engaged some 
time ago in a process in which a large quantity of hydrogen gas was evolved, 
and having incautiously brought a lighted candle too near the apparatus, tbt 
whole exploded with a tremendous crash \ and several very large glass re* 
ceivers, shattered into ten thousand pieces, were driven to every part of the 
laboratory. Such accidents should be noticed in every elemei|Ury chymical 
work, in order to inspire the young pupil with caution when operating on 
such substances. 

% Hydrogen is the most inflammable substance we are acquainted with ; 
that is, it combines with more oxygen than any other body, and occasions 
more heat by its combustion. It may be remarked that oxygen is mild when in 
the proportion of ii per cent, in atmospheric air, and highly corrcAive in th^ 
proportion of 70 percent, in nitric acid t How is it, then,' that it is found in 
the ratio of 85 per cent, in water, and that this substance, formed by it, is 
so perfectly mild and innocent ? The infinite Contriver of all good hath 
endowed hydrogen with such an ardent attraction for oxygen, that it unites 
with a larger portion of it than any other substance, and by its union there- 
with renders it bland and salubrious. Instances of a similar accommoda- 
tion of the elementary substances have been adduced ; and though we can- 
not comprehend the nature of their operation, we can perceive that the 
ultimate end of the Creator is the convenience and the happiness of his 
creatures. See pages 56 and 132. AH other oxidized substances, when 
taken internally, act perceptibly on the system \ yet this, the most oxidized 
of all others, has comparatively little influence, because its oxygen is so 
forcibly retained by the hydrogen. Had the affinity of hydrogen for oxygen 
been as feeble as that of nitrogen and oxygen, what is now the most salubri- 
ous beverage would have operated as a corrosive poison. 
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//I Wi&^ 0^^^ confounds is hydrogen an ingredient ? 

Hydrogen gas may be combined with water^ sulphur, pbospho^^ 
tuSf or with carbon. 

ff^hat is the nature of the compound hydrogen and water ? 

Walter may be made, by pressure, to absorb a considerable 
lk)rtion of hydrogen gas*. It is called hydrogenated water, and 
is said to be useful in medicinef . 

What is the nature of the compound hydrogen and sulphur ? 

Hydrogen gas when combined with sulphur forms sulphuretr 
ted hydrogen gas, which is a very fetid elastic fluid, somewhat 
heavier than atmospheric air;):. 

What are the properties of sulphuretted hydrogen gas? 

Sulphuretted hydrogen gas § possesses all the characters of dn 

. Berthollet has shown that there is a greater disposition in hydrogen thai> 
in carbon to combine with oxygen^ at ^U temperatures. Chymical Statics, 
Vol. i. 244. 

A mix til re of oxygen and hydrpgen gases produces the most powerful heat 
yet known. This maybe shown by preparing a bladder full of each of 
these airs, and forcing some put of ^ach into a pommpn tube connected with 
1)oth, and throwing a stream of the mixed g^s^s on burning charcoal, or on 
:|ny other substaqce in the act pf combustion. These bladders should each be 
furnished with a small metallic pipe and stop-coc|(, and the tube connecting 
with both should have a very snnall orifice, in order that a regular stream of 
the commixed gai may be thrown on the burning substance. In performing 
this experiment all solid vessels should be discarded for fear of an accident 
by explosion. When bladders are used no damage can arise, even if such 
^n accident should happen. 

* Though hydrogen is insoluble in water, it becomes spluble when com- 
bined with sulphur. In this case the hydrogen imparts solubility to the 
Sulphur and the sulphur to th^by4rpgen} for each, taken separately, is 
perfectly insoluble in this liquid. 

f By pressure, water may be made to absorb near a third of its bulk of 
this gas. It is said that water, thus impregnated, is pseful in inflammatory 
fevers and other complaiifits which require similar treatment. 

X To obtain this gas, melt together in a crucible equal parts of iron filings 
and sulphur) reduce the mass to powder, and put it with a little water into 
a glass vessel with two mouths : lute one end of a crooked glass tube into 
one of these mouths, and let the extremity of the tube pass under a glass 
jar in a pneumatic trough,^ the jar being inverted and full of water. Then 
pour diluted muriatic acid through the mouth of the vessel, which must be 
immediately closed up. Sulphuretted hydrogen gas will be disengaged in 
abundance and fill the glass jnr. Thomson. 

According to Thenaid, this gas is composed of 70 parts of sulphur an4 
^o of hydrogen. 

See Berthol)et*s paper on this gas in the Ann. de Chimie. 

Water impregnated with sulphuretted hydrogen gas is of use to separate 
some metallic oxides when they are in solution. Thus, if it be added to a 
solution of acetate of lead, the lead will be precipitated of a deep biown 
colour. 

§ This gas was long known by the name of hepatic gas, because the sub- 
stances from which it first obuined were called bepars^ or liittrs of iulpbnr» 
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2cid*: it combines with earths, alkalies, and with several of the 
metallic oxides; and forms with them those substances called 
hydrosulphurets. 

What are the properties of the hydrosulphurets? 

The hydrosulphurets are soluble in water, and their solutions 
precipitate the metallic oxides from metallic solutions. Exposure 
to the air decomposes these hydrosulphurets when dissolved in 
Hjraterf. 

What is the nature of the comhination of hydrogen and phosphorus f 

Hydrogen gas when combined with phosphorus forms phosphu- 
retted hydrogen gas^. This gas has a putrid fetid smell, and takes 

When this gas is set on fire In contact with oxygen gas it barns with a pale 
blue flame without exploding. It will of itself extinguish burning bodies^ 
and destroy animals which are made to inhale it. 

Sulphuretted hydrogen gas is decomposed by atmospheric air. The 
oxygen of the atmosphere combines with the hydrogen and forms water» 
wlyile the sulphur is precipitated. The sulphur which is found in the 
neighbourhood of mineral springs originates from this cause. 

The fetid smell which ari&es from house-di-ains is owing in a great mea- 
sure to a mixture of this gas with other putrid effluvia. As the diffusion of 
this noxious matter within our dwellings tends to produce disease and morta- 
lity, it cannot be too generally known that a cheap and simple apparatus has 
been contrived for carrying o^ the waste water, &c. of sinks, and which at 
the same timp prevents the possibility of any air ever returning back into the 
liouse from thence, or from any drain which may be connected with it. It is 
known by the name of a jtink'traf, and may be had at some of the iron* 
iqongers m London. 

* As sulphuretted hydrogen gas is formed without oxygen, it seems to 
pverthrow the doctrine of Lavoisier, who asserted that oxygen was the only 
priocipl^ of acidity. 

f The waters of Harrowgate and Aix la Chapelle owe their medicinal 
properties to sulphuretted hydrogen gas and muriate of soda. The salt of 
Utumen of the Hindoos, which is almost the only article of Hindoo physic, 
and is sold in every village, is chiefly composed o\ muriate of soda and sul- 
phuretted hydrogen. |t is taken by these people for every complaint. 
Their farriers give it to the horses, and seem to understand the principle on 
which il acts \ for when they have given a dose to the animal they always 
give him water to extricate the gas. Henderson on Hindoo Physic. 

Secret correspondence has often been carried on by means of Harrowgate 
water. A letter written with a solution of acetate*of lead is illegible; but 
if it be dipped in this water, the writing will appear, and shortly become aU 
most black. Hydrogen has the property of reviving metallic oxides ; hence 
ladies who have usedi metallic cosmetics, have become dark tawneys by 
bathing in these waters. 

X This gas is formed by introducing phosphorus into a glass jar full of 
hydrogen gas standing over mercury, and melting the phosphorus by means 
of a burnmg glass. It burns with great rapidity in common air, but in 
oxygen gas the combustion is extremely brilliant. If bobbleb of this gas be 
made to pass up through water, they explode in succession as they reach the 
surface .of the liquid, and a beautiful coronet of white smoke is formed, 
which rises slowly to the ceiling of the room. This gas Js the most com- 
bustible subs.tance known. Thomson, vol. i. 66« 
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fire whenever it comes in contact with atmospheric air*. 

H^hat is the nature ^ the combination of hydrogen with carbon ? 

Hydrogen gas, when combined with carbon, forms what is 
called carhurctted hydri>gen gas, or heavy inflammable airf. 



The facility with which photphuretted hydrogen gas inflames is oo doubt 
owing to the phosphorus being so minutely divided by the hydrogen. 

Mr. Davy forms this gas by decomposing water with zinc and sulpbaric 
^cid» and adding to the mixture small pieces of phosphorus. But as some 
management is necessary in order to conduct the process successfully^ I refer 
the reader to his paper in Nicholson*s Journal for April i8os. 

According to Dr. Skrimshire, phosphurretted hydrogen gas may be formed 
)>y boiling a little phosphorus in a solution of pure potash. The water is 
decomposed thereby, and furnishes the hydrogen. The retort should be near'^ 
ly filled with the solution, otherwise the gas will inflame. 

* If bits of phosphorus are kept for some hours in hydrogen gas, fbospbo' 
rized hydrogen gas is produced, having somewhat of the smell ot garlic, 
]f bubbles of it are thrown up into oxygen gas, a brilliant blueish flame will 
immediately pervade the whole vessel. This slow combustion is owing to 
the gas containing/^// phosphorus thtin the phospburetted hydrogen gas. It 
is this gas which is often seen hovering on the surface of^burial grounds, 
known by the name of imll-O'the-'wisp, 

f This gas is formed at the bottom of stagnant waters in hot weather^ 
and may be readily collected at their surface by suspending a bottle of water 
ever the pool, stirring up the mud, and suffering the carburetted hydrogen 
gas to ascend into it, similar to the decanting of gases over a pneumatic trough. 

Such gas generally contains a portion of csjrbonic acid gas mixed with it. 
These gases are produced in stagnant pools by the decomposition of water. 
The putrid animal and vegetable matter decomposes the water and combines 
with its oxygen, while the hydrogen is liberated in the form of g^as. The 
carbonic acid gas which rises with it is produced by the union of oxygen virith 
the carbon of these putrifying niatters. These decompositions only tako 
place when the sun shines upon the waters, as caloric is necessary to give 
these substances a gaseous state. 

It may be formed artificially by exposing charcoal in glass vessels filled 
with hycirogen gas to the rays of the sun. 

It is invisible, elastic, and inflammable. The proportions of carbon and 
I.ydrogen vary according to the process by which the gas is obtained. Dr. 
Thomson. 

This gas is procured ^rom pit-coal by dry distillation for the purpose of 
forming the thermo lamp, and might be applied very economically for light- 
houses on the sea-coast, or for lighting mines and laree manufactories. See 
page xxii. A pound of coal will produce about 14 gallons of this inflammable 
gas. 

Hydrogen and carbon also form all the oils; and, with the addition of oxy- 
gen, resin, wax, sugar, and gum. Hydrogen likewise enters as a consti- 
tuent part into the composition of all the animal and vegetable acids, and 
is one of the bases of ammonia and of some of the compound gases. 

An oil may be formed artificially by the following process : Place a glass 
tube on the shelf of a pneumatic trough, send up into it three parts of fresh 
prepared carburetted hydrogen gas, and add to it gradually four parts of 
fresh prepared oxygenized muriatic acid gas. After es^h addition of the 
gas, shake the mixture; an absorption will take place, caloric will be libe-. 
rated, and the tube will become filled with whit^ vapours. 



Ch(^. 9.] SULPHUR. IT.5. 

What is the origin of SVLPHVRf 

Sulphur is found in most parts of the world^ combined with 
metals^ from which it is procured by roasting: it also flows from 
volcanoes j it is sublimed from the sulphureous grounds in Ital7> 
and is found in many naineral waters. 

What if the nature of sulphur ? 

Sulphur^ or briinstone as it is sometimes called, is a solids 
opaque, combustiblef substance, of a pale yellow colour, insoluble 
in water, very brittle, and with little taste or smell. Its specific 
gravity is 1.990, or nearly twice as heavy, as water. It has 
various Uses in medicine and the arts:|:« 

What compounds are formed by meatu of sulphur? 

Sulphur combines with oxygen, hydrogen, nitrogen, the alka- 
lies, the metals, some of the earths, phosphorus, &c. 

What are the compounds of sulphur and oxygen F 

If sulphur be kept in nisioo in atmospheric air it absorbs a 
small quantity of oxygen, and forms oxide of sulphur $ ; if it be 
heated sufficiently to take fire, it burns with a pale blue fiame, 
and becomes converted to sulphurous acid; but if sulphur be^ 



When the gases have totally disappeared, an oil of an agreeable odour 
will be deposited, which will become yellow by exposure to the air. Thisi 
18 a process of the Dutch chy mists for preparing olefiant gas. 

* Sulphur is so plentifully diffused, that probably it was known very 
early : according to Pliny, it was used in his time in medicine, and for 
bleaching wool. 

Sulphur is procured in large quantities from martial pyrites and othct 
metaUic ores. It is also found in abundance in the state of native sulphur, 
as it is called, near several volcanoes, in different parts of the world. Ac- 
cording to Dr. Anderson there are mines of it in the kingdom of Thibet. 
The Bee, vol. xvii. 25. In the Isle of Anglesea it Is sublimed from the 
Copper ore, and collected in large chambers which are connected with the^ 
kilns by means of long horizontal flues. A particular account of the pro<' 
cess may be seen in Nlr. Arthur Aikin*s Tour through North Wales. See 
Also Henkers Pyritologia. 

f Sulphur during its combustion combines with oxygen, and becomes an 
incombustible substance. Like phosphorus, it is eminently combustible, 
owin^ to its great affinity for oxygen. See page 126. 

It IS well known, that if sulphur be kept melted in an open vessel, it at 
length becomes thick ; but I believe it has not been noticed^ by any writer on 
chymistry-^that it has the peculiar property of becoming tbinner as it coolst 
till it becomes nearly as thin as water. 

I Sulphur is used in large quantities for making gunpowder. It is also 
very serviceable in medicine, as it has the property ofpenctrating to the ex- 
tremities of the minutest vessels, and of impregnating all the secretions 5 as 
18 found by those who have taken it for any length of time. Sulphur has 
many uses in the arts, and has been employed with advantage in stopping the 
progress of fermentation of wines and other fermented liquors. 

f .See the chapter on Oxides | also Fourcroy's System of Chymical Know* 
Mge, ToK i. «7^« 



^ 
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burned in oxygen gas, the combustion is rery rapid, and /i/A 
phuHc acid is the product*. 

Jf^hat are the compounds of sulphur and the alkalies ? 

Sulphur will combine with potash, with soda, and with am- 
lAonia ; which compounds possess several curious and interesting 
properties. 

What are the general characteristics of the alkaline sulphuretsf 

They are hard substances, of a brown colour, resembling the 
liver of animals ; they absorb water from the atmosphere, and 
emit a fetid odour, similar to that of rotten eggs. They have 
the property of decomposing water, and by that process become 
partially converted to alkaline sulphatesf . 

What knowledge have we acquired of the combinations ef sulphur 
■tvith the earths and metals? 

Sulphur may be combined artificially with most of the metalsf , 
and with some earths ; but many of the metallic snlphurets are 
found native in great abundance. 

What is the origin of phosphorus ? 

Phosphorus is a peculiar substance of animal origin. It was 
formerly obtained from urine by a long and tedious process; but is 
now procured by the decomposition of the phosphoric add 
which is found in bones$. 

* For an account of the changes which take place in sulphur when it beconnffil 
oxygenized, see page 126. 

f The sulphurets can only exist in a state of desiccation, or at least caA 
contain but a very small portion of water without the water being deco&i 
posed. 

X There are only two metals, gold and zinc, which refuse this combina- ' 
tion. Some of the metallic sulphurets have much colour, and are employed 
as pigments. 

Sulphuret of lime is recommended by Mr. Higgiiis as a cheap substihite 
for potash in bleaching. For the method of preparing it consult his work oh 
the Theory and Practice of Bleachine, published in Ireland, in 1799. 

% Phosphorus was discovered accidentally at Hambure in 1669 by an al* 
chymist of the name of Brandt) and two years afterwards one Kraft brought 
a small piece of this substance to London on purpose to show it to the king 
and queen of England. Mr. Boyle afterwards discovered the process, which 
].e described in the Phil. Trans, for 16S0. Mr. Boyle instructed Mi ; God- 
frey Hankwitz of London how to procure it frorti urine, so that he was the 
iirst who made it for sale in England \ and he continued to supply all Eu- 
rope with it for many years. 

The writer of this has in his possession a scarce portrait, by Verfue, of 
this chymist in the midst of his laboratory, surrounded by his chyroical 
apparatus \ the forth of which shows that even at that time they had the 
means of accurate analysis, if they had had a rational theory to direct then). 
From a Latin inscription it appears that he had this print engraved ^o pre- 
sent to his customers on his taking leave of them, when about to ttxtt upon 
his travels abroad to sell phosphorus. 

The discovery of phosphorus proves that valuable discoveries maybe madft 
by men who have no means of appreciating their nature. Ev6n Stahl main- 
tained that it was the marine salt contained in urine which yielded phosphorus. 
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What if the nature* of phosphorus ?. 

Phosphorus is a solid inflammablef substaiicei which has the 
pecaliar property of appearing luminoos in the dark:^. Its specie 
fie gravity is rather ijnore than twice that of water. By com^ 
bustion it is converted to an acid$. 

What compounds are formed by means of phosphorus f 

Phosphorus combines with oxygen, with hydrogen, with nt^ 
t^gen, with sulphur^ with most of the metals ||^ and with some 
earths^; 

* Phosphoi*U8 when taken internally is poisonous. It is related in the 
Annates dfe Chimie that a great number of donnestic fowls and turkeys were 
poisoned meiely by drinking the water in which some newly mnde phosphoi us 
bad been washed. Thougn poisonous, it has been given in small quantifies 
by some French physibians, in maligri^fit fevers, to stop thr progre«<B of 
gangrene, in which it succeeded beyond all hope. NicholsOn^s Journal^ 
vol.. iii. g5. ' ■ i • . 

f If a piece or phosphorus oe placed on the surface of water a little below 
the heat of boiling, it will immediately inflame. This is ohe characteristic 
of phdsphorus; arid distinguishes it froiii all othei" substances.' 

i Phdshotus is used in forming phosphoric acid in various cbymical ex- 
jperiments, and in making phosphoric match bottles. These bottles miiy be 
prepared by niixing one t>art of dour sulphur with eight of phosphorus. 
When usee), a small quantity is taken out of the bottle on the point of i, 
Diatch, VLJf^ rubbed upon cork or wbod, which fjrddiices a light immediately. 

Phosphorus is employed in making phosphoric ether, phos^.horic oil^ 
phosphoric taper§, phosphuret of lime, and various phosphoric fire-works. 
The methods of forming these combinations may be seen in fiouillon La 
Grange, and other authors. 

§ Phosphorus, surrounded by cotton rubbed in powdered rb'sin, i/h(t 
placed under the receiver of an air-pump, takes fire after exhaustion^ and 
displays vtry beautiful phsenomena on the gradual admission of the air. 

Van Marum.«— Parkinson.' 

Accbrding t6 Fourctoyy phosphorus undergoes no thdnge in oxygen ga^ 
tinless heat be applied, and theri it buhis v^ith great splendour. It is hot 
even luminous in oxygen gafi, or in nitrogeh gad, though it be so much sd 
ift atmotpbene air. Gien^s Chymistfy. 

y Pbdisphonis vtill fcombinfc with all th^ rttfetatft except gold and zinc; Bcr- 
thollet. It united With ?ron, and forms that kind of iron called cotd-sb^t: 
Iron of such property atcjuii'ed this name ot account of its being i^ery brittle 
when cold, though malleable when heated; Such 2ron niay be made good 
and lit for most purpbs^s by hesltihg \x. with carbonate of lime; Ann; de 
Cbim; tcMi. xlii. 832. 

f SOntfe aifiiiials haVe very peculiar pllosphoVeiCent qtialifle^; The light 
6f the glov^-Wdrm is Well known, but the pyrcsomH atfanticumh^^ not been 
described by nttti^ralists. M. Peron, oh his Voyage from Europe to the Isle 
of France, observed thisahimal between j and a degrees north latitude;, It^ 
pholpliorescent Quality, so trtfly prodrgious; fenders it One of the most Heau- 
tifal of SDOphhes known ; and its organization fsfnks it arho'ftgst the most 
singular. . When it was first discovered the darkness ^8 intense; the wind 
blew with violeh'ce, and the progress of the vessel wan rapid; . All at once 
there appeared, at some distance, as it wefe a Vast dhett df phosphorus 
floating on the waves j and it occupied a great sp'ace befofe the vess^* ' - 
tthel 90on passed through this inflamed paft of the setf j? and they ^ 
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Wfyat is the nature of these compounds? 

With oxygen, phosphoroos forms an oxide of phospbortis, also 
the phosphorous and the p^hosphoric atids* ; with hydrogeny 
phosphuretted hydrogen gasf; with tiL^rogen, phosphuretted 
nitrogen gas ; with sulphur, pnosphtiret of sulphtif , and sulphur- 
6t of phosphorus ; with the noietals, metatlUc phosphurets:^ ) and 
lirith some of the earths, earthy phosphurets. 

What is the origin of carbon P 

Carbon id a staite of purity is known only in the diamond t but 
h may be procured in combination with oxygeti by burning wood 
in a covered crucible^ 

What compounds are formed by means of carbon ? 

Carbon combines with oxygen, with hydrogen, with nitrogen^ 
tt^ith sulphur, with phosphorus and with iron. 

What is the nature of these compounds ? 

Carbon with various doses of oxygen forms ^haf cdal, carbonic 
oxide$, or carbonic acid [[ ; with hydrogen and caloric, carburet- 
ted hydrogen gasf ; with nitrogen and caloric, carbtulretted ni- 
trogen gas ) with sulphur, carburretted sulphur ; With phospho- 
rus, phosphuretted carbon; and with iron, ^umbago, or carburet 
of iron**. 

Some of these cotHpounds having been already examined^ it tuill n&w 
be expedient to consider the other combinations tf carbon i-^herefvre 
nvhat is charcoal ? 

Charcoal is burnt wood, or the coaly fesidunm which is left 
«fter burning any vegetable in close vesselsff . 

that this prodigious light was occasioned entirely by an immense nuniber of 
small animaUy which swam at different dej^thSy and appeared to assume 
various forms.' Those which were. deepest looked like great #ed'-hot cannoiir 
balls ; whilst those on the surface resembled cylinders of red-hot iron. Some 
of them were soon caught^ and were found to vary in size from three to seven 
inches. All the exterior surface of the animal was bristled with t&ick ob- 
long tuberclesy shitting like so many diamonds \ and these seemed to be thd 
principal seat of its wonderful phosphorescence. In the inside also there ap- 
peared a mulrrtude of litle oblong narrow glands, which possessed the pbos- 
f^horic virtue in a high degree. The colour of these animals, when io repose, 
is of an opl yeHoV^ mixed with green; but on tbt slightest movement of 
those spontaneous contractions which it exercises, or those which the observ- 
er ean at pleasure cause by the least irritation, the animal inflames, aVid be- 
comes instailtly like red-hot iron^, and of a most brilli^t brightness. As it 
losses its phosphoreseence h passes through a number of trnts sticcessively^ 
which are extrenrely agreeable, light, and varied, such as fed^ atirora, brange, 
green, and a^re blue : this last shade is particularly lively and pure. A fur- 
ther account of this ctn'ious creature may be seen in the Joarmri de Phyti^tte^ 

* See the nature of these acfds in the chapter on Acids^ 

t Seepage 1^3. % Seepage lH* 

f See the chapter on Oxides for an account of these combi nations <- 
II See page 131. % Seepage 17*4. ♦* See page 1*86. 

ft Charcoal for cOmifton purposes is made by t. less expensive process. Td^ 
#o«d b^spiQsed in heaps regularly arranged, and MVtred with' earth, se «v 
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What are the characters and appearances of charcoal f 
Charcoal is generally black, sonorous and brittle, very light| 
^d destitute of taste or smell*. 
What are the properties of charcoal ? 
Charcoal is a powerful antisepticf ; has a great affinity for oxy* 

Knf \ is unalterable and indestructible by age$ \ and not affected 
the most intense heat, if air and moisture be excluded. 

to prevent the access of any more air than is absolutely necessary to support 
the fire, which is kept up till all the water and oil are driven olf ; after which 
the fire is extinguished by shutting up all the air-holes. 

Lavoi8ier*8 Elements, 279 • 

* Charcoal is so porous that it may be seen through with a microscope ; 
and however large the piece, it may be readily blown through. According 
to Dr. Bancroft, charcoal is a vegetable oxide, and, like manganese, owes 
its black colour to its union with oxygen. He also considers the indestruc- 
tibility of charcoal to be owing to its absorption of oxygen \ in which state 
it will resist the combined action of sun, air, moisture, &c. for hundreds of 
years. See Philosophy of Permanent Colours, 48. 

f " All sorts of glass vessels and other utensils may be purified from long 
retained smells of every kind, in the easiest and most perfect manner, by 
rinsing them out well with charcoal powder, after the grosser impurities have 
been scoured off with sand and potash. Rubbing the teeth and washing out 
the mouth with fine charcoal powder will render the teeth beautifully white, 
and the breath perfectly sweet, where an offensive breath has been owin^; to 
a scorbutic disposition of the gums. Putrid water is immediately depnved 
of its offensive smell by charcoal.** Crell's Journal, vol. ii. 170. 

NJeat, which is only a little tainted with putridity, may at once be made 
fweet by charcoal t if common raw spirits be agitated with charcoal, they 
will be deprived of their bad flavour. 

X Owing to its aflinity with oxygen, charcoal will decompose the sulphuric 
sffd nitric S|ci4s. |t decomposes the latter with great rapidity. If the char- 
coal be dry and finely powdered, and the acid strongs and allowed to run 
down the inner side ot the vessel to mix with the charcoal, it will burn ra- 
P'<lly» giving out a beautiful flame, and throwing up the powder so as to 
resemble a brilliant firework* 

§ << The beams of the theatre at Ilerculaneum were converted into char- 
coal by the lava which overflowed that city $ and during the lapse of seventeen 
hundred years, the charcoal has remained as entire as if it had been formed but 
jfcsterday, and it will probably continue so to the end of the world. The 
tiKorniptibility of charcoal was known in the most ancient times \ the famous 
teoaple at Ephesus was built upon wooden piles, which had beeq charred on 
tl|e ottt8ic|e to preserve them.** Watson*s Essays, vol. iii. 48. 

^' It it said that there still exists charcoal made of corn in the ^zj% of 
Cs9sar, which is in so complete a state, that the wheat may be distinguished 
from the ryc^** Willich, 

** About forty years ago a quantity of oak stakes were found in the bedi 
of the Thames, in the very spot where Tacitus says that the Britons fixed a 
vast number of such stakes, to prevent the passage of Julius Caesar and his 
srmy. They were charred to a considerable depth, retained their form com- 
pletely, and were firm at the heart.*' Dr. Robison. The ancients wrote 
with levigated charcoal, the most indestructible substance we know • an^i 
9C9ordii^ly, the writings found in I][erculaneum are still a perfect bla ' 

Ib« vol. ii 
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To what uses is charcoal applied ? 

Charcoal is used in large qqaQtitie^ in making gunpowder ; It 
is employed as an antiseptic in purifying rancid oils, &c. in de-: 
composing the sulphuric acid ; and fq|: m^ny otl^ef purposes, by 
the chymist and the manufacturer*. 

L charcoal a simple or q compound substance. ? 

Charcoal is a compound s^bstancp ; it is an oxide pf ptrbpn, pr 
the woody fibre partially oxidized ; it also contains hydrogenf, 
and a portion qf fixed alkaline salt and earth, but th^se are ra? 
thee adventitiqiis th^n ^s$^nf ial ingfedients^ 

What is carbon f 

Carbon is the base of charcoal, divested of all impurities,. 

What is the most striking property of carbon ? 

Catbon is eap^bl^ of qrptallizatipn^ in ^hich state it forms 
the diamond^. 

Casks ; harred in the inside are pow used to preserve water v^ s^a voyages ; 
^nd such ca^.ks are found to preserve the water uhcoriupted. Dr. Black, 
yol. ii. 285. 

* Charcoal is used by mathematical inst rumen trniakers and engravers to 
polish theii brass and copper plates, {'lates of horn and lanthorn leaves are 
polished with it. It is alio much used by artists in tracing the outlines of 
drawings, 

•\ Chnrcoal always contains hydrogen, which it retains after the most 
powerful calcination. It is this want oT hydrogen which renders the diamond 
inuch Ipss combustible than charcoal. 

X The diamond is pure caibon, entirely divested of oxygen ; charcoal 
fontams 64 parts diamond and 36 oxygen in every 100 , carbonic acid has 
%% parts cHarco 1 and %% of oxgen^ or 18 diamond and 8s oxygen. The 
dTamond is chiefly found ih the kingdom of Golconda in Asia» and in Bra-* 
2il. It always occurs crystallized i indeed, if not* it would be carbon and 
p^t diamond. See a note lespeotmg the diamond under the article Steel, 
in the chapter on Met :1s ; where you have an additional proof that dia- 
ioiond IS simple cai^on. It is wonderful that f>2fwton> who h^d no chymic^l 
means pf examining the diamond, should have Concluded that it contained 
a laige portion of inflammable matter. 8ee Additional Notes» No. xxix. 

Mr Tennant has shown satisfactorily, that the diamond is pure carbon, 
parbon crystaliiied. See Phil. Trans, f^r 1797. The diamond is one of the 
hardebt substances in nature, and one of its rarest productions. From jts 
hardness it is employed for sawing and boring the hardest stones. « Dia- 
monds ate usually found in an ochreous yeljow earth, under rpcks of grit* 
stone \ they are likew..-e found detached in tonents, wh.ch have carried them 
from their beds. Thy are seldom found above a certain size. The sove- 
reigns of India reservethe largest, in order that the price of this article may 
not fall. Diapionds have no brilliancy when dug out of the e^rth> but are 
Covered with an earthy crust.^^ Fourcroy. Diamonds -are also fouiid in 
consiiierable numbers in the island of Borneo, Whenever the mines are 
•earchtd for them, an oversec:i attends and watches the workmen with great 
care, that the lar^e^t may be f^oursvl for the soyereien prince. Notwithstand-: 
ing they are fiequently conveyed away olandestindy by the workmen swali 
lowing them. Von Wurmb's History of BoriiCo. 

A iiiiri.te account of the diamond mines- of Brazil may be s^ ib Ani^\ 
jieC^iiiin. tof?)t ^Vff^; ^n4iti Nicho|3on*Bjourpal| ^tQ. yoU i, 2^, 



<%^. 9, J CARBON^ 18} 

Jflnd other froperti^ has farhn^ 

Carbon has the property of de-oxidii;ing t)ie oxides of petals 
^nd other combustible $ubstan^^''^> 9M3d of iiQiting vith their 
oxygen and forming carbonic acidf. 

Dae{ cffrboff enfer intg any other fOfftbiftafionsP 

Carbon is found in large proportions in b^pm^n ^n4 pit^coalj:]^ 
if seems to be ready formed also ip vegetable } apd ^ters into 
niost animal and some mineral subsfances§. 

What ff the proportion of carbon in pit^cofif ? 

Pit-coals vary in quality, according tp the different proportion^ 
9f c^bpn anfl bitufpej^ nfhich they cPQtain||} but purl)Qa is the 



The ustial metho4 of. calcqlating; the V^IuQ of diaiqondsi is by squaring 
ijf^c number of carats, and then multiplying tl^e aniopnt by the price of s^ 
single carat ; thus, supposing one carat to be worth if. s^fliamond of $carat« 
19 worth |«8/, hejng ^ X 8 X ^» A carat is 4. grains* folisbed di^ondSy 
7f ithout b|emish| are i^oftl^ about 6/. per c^rat. 

* Charcoal has a very strong affinity with oxygen ^ it take< Qi^ygen from 
^Imosf every otlier 8u|>8tance, 

f The merit of the discovery of the carbpnjc acid is ^ue to the illqstrious 
Dr. Black of Edinburgh. Those who have not been in the habit of reading 
(he early chyipica) writers, cap haye no idea of the servicp which this great 
man has rendered the science by his very accurate ipv^stigation of this 8ub<r 
ffiince, 

X There are good re^pns fof supposing that bitynoens and pit-coal have 
Jwen formed in tl^e bed of the sea by the decomposition and deposition of 
|inifi^l matters. The quantity of volatile alkali which these substances 

Jie'id pn c)istil)ation favours this opinion. An interesting paper by Mr. 
^irwan oh the proportions of carbon in the different kind^ of coal, will be 
,^ fynnd in Nipholson*^ Journal, 4to. vol. i. 487. 
'rT^'See an ingenious paper by ^» Hatch^tt on the origin of bitumen^ $cc. ij\ 
flwPljil.Trrans, for 1804. 

An interesting account of thf springs of fossil ta^ near Shrewsbury, and at 
Colebrool^ bale^ ri^zj bea^n ip Archdeacon Plymley*s Vjew of the Agricu)-* 
^ore of Shropshire^ 

$ Chiirpoa] has the property pf forming ^^ intiinate upion with the 6xl'd 
f|]|calieS| jf fi)se(l w|th them^ 

Plumbago containf « spall quantjty of oxygen i it is therefore mi oxide of 
the first degree { charcoal, an oxi<i|e of the second ^ C^^rbonip oxide, of the 
ihirdi and carbonic apid> the product of the complete oxidixement of carbon, 
I Thp jfpmense quantity of pit-coal yrhich is deposited beneath the sur- 
face of the earth is truly astonishing^ and affords abundant matter for re. 
(lection, This Kinc^ of fpe] j; consuming day aftei* day in incalculable 
■ ouantitie^ \ 9qd so gr^at is the store which has been laid up for our use, thaf 
tJierc js no prc^ability of itsbe^ng exhausted for ages yet to (;ome, Sqpposing 
the forni^tipi) of pit-cqal tp be owing to the deposition of marin^ animat 
fnatt^S the same process must be still going on, and the innnost recesses of 
^he present se^s may be receiying the n^aterisils of fuel for the inha^bitants of 
pew pontiiients in the most remote periods of the world* The wise econo* 
piyof the gresit Author of Nature, in this constant circulation of the elerp^iifg 
^f piiatter, j^ equalled by nothing but \\ii o\vn ipfinite bcnfficence, 
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chief ingredient in all. What are called slaty coals contain also 
from 10 to 40 per cent, of earth*. 

JVhat is the use of carbon in the vegetaffle kingdom ? 

Carbon is not only a component part, but forms nearly the 
whole of the solid basis of all vegetables, from the flower of the 
garden to the oak of the forestf. 

If carbon for his so large apart of ail vegf tables, what occasions that 
ififinite variety iphich we observe in the vegetable creation ? 

We are in a great measure strangers to the economy of vege- 
tables ; but much of this variety may be attributed to the different 
proportions of carbon in the m^teri^ls of which they are com« 
posedj, 

♦ There are four species of coal, very distinpt from each other. The 
graphite oi Werner, or plumbago; the ant kraco file ^ the jet, or canal coal 
and the common coal. 

One hundred parts of plumbqgo contain 90 charcoal and 19 iron, The 
best quality, which is found at Keswick in Northumberland, is used in 
making pencils. 

Antbracolitey or coal blend, 18 distinguished from other coal by burning 
without fiam^. |t is composed of 64 charcoal, 33 silex, and 3 psprtsof other 
earths. 

Jet is composed pf bitumen and charcoal : 75 parts pharcqal, s% parts 
bitumen, and z parts earth. 

Common coal is composed of bitumen and charcoal in different proportions^ 
according to its quality and the places whepce it is procured. 

f It has been discovered that air which has been spoiled by the breathing 
of animals is peculiarly fitted for the vegetation of plants ; No doubt this 
is owing to its containing a ls|rger portion qf carbonic aci4 than is found in 
common air, =' 

£y the analysis of soils it has been proved, that of all the sqbstances foi^glMf 
in the mixture of earths which constitute a soil, calcareous earth contnhitff^i 
most certainly to its fertilization. This probably proc^ds from the carbonit 
acid. An interesting account of some es^periments on manures, by Mr^ 
Arthur Young, on a small scale, may be seen in ti*e Retrospect^ vol. i. iiY. 

Vegetables have the power of absorbing oxygen from the atmosphere^ and 
of transmitting it to the absorbent vessels of the ropts. It cannot be ques* 
tioned but that this oxygen becomes useful in vegetation, by converting th^ 
carbon of manures into carbonic acid. Fourcroy, vol. viiit 

The operation of faring and burning turf, wliich is always found by 
farmers extremely serviceable to their lands, is doubtless rendered universally 
;4dvantageous from the carbonaceous matter which is produced by the bum-* 

ing- 

X When we consider the small number of simple substances which enter 
into the composition of plants, how astonishing is the variety that has been 
afforded us by the bounty of nature ! The species of vegetables already known 
are more than 40,000, and large additions are daily making to this number 
by new discoveries. Is it possible that so bountiful a provision can have 
been made by nature ultimately for the use of man ?<^iF-Yes ; ** for him she 
has covered the earth with plants; and though their species be infinite in 
number, there is not one but may be converted to his use. She has selected 
«ome out of every class to '.•'inister to his pleasures, or his support, wherever 
iie shall please to fi)^ his habitation* Others serve for his b^, for his roof| 
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Whai products of vegetation are there which are indebted ty citrbon 
for their formation } 

Carbon not only constitutes the base of the woody fibre, but 
is a component part of sugar, and of all kinds of wax, oils, gums, 
and resins, of which there are many varieties. 

Hovj are these substances formed by the vegetating organs of plants ? 

All living vegetables have the power of decomposing water '^, 
and of combining in different proportions the hydrogen of the 
Water with the c^bcn of the soil, as well as with that of the 
carbonic f acid of the atmosphere:]:, to form these vegetable 
products. • 

If carbon and lyjdrogen enter into the composition of all these sitl- 
Hances^ how is it that one vegetable affords gum^ another resin, another 

The infinite variety which there must be in the internal 

for his clothing, for the cure of his diseases, and for the fire of his hearth.** 
St. Pierre. 

Fourcroy has remarked " that vegetables may he considered as lacings in- 
tended by nature xo begin the organization of crude matter, and to dispose the 
primitive materials of the earth and atmosphere in order to become the source 
of life, and consequently to establish a communication between minerals and 
ammals; from whence it follows, th^t plants are truly chymical appaiatus 
employed by nature to produce combinations wliicli would not take place 
vidiout them.** Nature is as admirable in the smpHcity of her means, as in 
fhe constancy and rearularity of her operations. 

* When we decompose water, we can do it only by abstracting its oxy^n 
isj combustible substances, and liberating the hydrogen. Vegetables dfect 
thii in a differpit way ; they preserx'e the hydrogen, and set the oxygen free^ 
Tfts ptfoceasfi Nature, in the latter instance, has been ncticed in a former 



|k (Ihcoic 
^^ pcinw ■ 



Bmhollet has remarked, that the decomposition of water must always take 
(ihco to give rise to substances of a resinous character, when the vegetation 15 
perlbrmcd without the Concurrence of foreign bodies. Chymical Statics, 
vol. ii. 393. 

f Van Hrlmont planted a willow, vireighing fifty pounds, in a certain 

ntiiy of earth, covered carefully with sheet lead; he kept it in this state 
. -.ve yearSf watering it with distilled water ; and at the end of that tfii?s 
the tfce weighed i69pound9, three ounces; the earth in which it had V'!<^?- 
tated being weighed at the same time, was found to have lost only ti-.rrr 
oiBCCt. Thif was repeated by Mr. Boyie with a sioiilor result. Di. 
Skrimsliirc*8 Essaya on Natural History. 

X Sencbier found, that plants watered by water, impregnated with f.t?d w.- ^ 
grew more luxuriantly than plants watered as usnal, and that whrn insuij:^ 1 
fnMi crcry substance which could afford it to them immediately, tiiey .-.c- 
oured carbOii by the decomposition of carbonic acid gas in the at^jnospherr, 
Aeitlu^et. 

It appeafs from hence that s^Ud matter is net necessary to the growth c? 
tcgetablcs ; and that they owe their increase chiefly to the d«com}'o>iiic:< «.r 
#aier and carbonic acid. 

§ Carbon and hydrogen are not the only principles which er.ter into 
composition of all' these substances. Most of them ccnnir. a p.opoi v. 

•f w y pbii all9, 31 may be geen by the foiiowing staten.^n! : ^ 
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brgani:^attoii of vegetables, to enable difffef ent 6rdets to preparef 
^uch different substances from the same elementSi renders this 
Subject tck) intricatfe and minute fof 6uf investigation. We feel 
the insufficiency of oilr ficulties-^" Tha will of God is the ulti- 
matum of all human kdowledge/' 

Is it kfio^tt what other Substances are empldyed by ndture for the 
formation and growth of vegetdbleS ? 

All ordcffS off vegetables are produced from fotir dr five natur^ 
^bstances^ vi2. caldtie^ lights wstter, alr^ aad^^trbdii'^. 

* t\y '\ ^Carbon 79 (* Carbon 28 
Olive oil J Hydrogen ti Sugar -J Hydrogen 8 

— \. Ojtygen 64 

166 — ^ 

jii.— 100 

! Carbon and "^ Saturated 
Hydrogen Uj^j, ^n, i>a. 

proportions |«^„„^„ f Carbon zr 

Snhnown. y^n^""' \ Hydrogen ,f 

OUm^ Oxygen 6« 

-Wax I S'^"" «* } ' ''" ^ """'•" "^ "'"' ^ 

l Hydrogen 18 > o,^ge*. •;;7 

100 ■"*• 

■ - ;< . ■ I 

The formation of resin and wax ha$ latdy beeft eikplain^ thus i That when 
a volatUe or a fixed oil is expelled out of the plants, and has its surface ex- 
posed to.^he air, the first becomes a resiu by losing hydrbgen, the second a 
wax by absorbing oxygen. 

* It has been shown that water dnd attnospheric air are th» natural food 
of plants. Caloric is necessary to enable vegetables to decompose water and 

' air ; and light is equally requisite to give a part of the oxygen of these sub- 
stances a gaseous form, and to put it in a pri^per state to bt thrb#t[i off by the 
leaves. The other portion of oxyg6n goes to the formfartion of sugar and the 
vegetable acids. The analysis ot vegetables confirms this theory f for, bow- 
ever they may be examined,' the result is always thtf production of oxyeen, 
hydrogen, and carbon. Som6 plants yield also a portion of silex,* and otners 
iime ; but these ntf doubt are taken up by the roots from the soil.' 

When we consider that the many thousand tribes of vegetables are not 
only all formed from a few sindple substances, but that all enjoy the same sun, 
vegetate m the same medium, and are supplied with the /o/a^ iititriment, we 
cannot but be struck with the rich oeconfomy Of Nature, and are almost in- 
duced to doubt the evidence of those senses with which the God of Nature 
has furnished us. That it should be possible SO to modify and intermingle 
a few simple substances, and thereby produce all the variety of form, colour* 
odour, &c. which is observable in the different families of vegetables, is a 
phenomenon too astonishing for our comprehension. Nothing tfhoirt of 
Omnipotence could have provided such a paradise fcnr man. 

'< Soft roll your incense, herbs, and fruits, and flowers. 
In mingled clouds to Him, whose son exalts. 
Whose bteatb pirfomcs you, and whose pencil paints;** 

TttoMfcrtr.' 
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J%f(i is it that thosifnu substances can produce the variety of forms, 
colours^ tihtSf odours, tastes, qualities, is^c, observable in tbis hing'^ 
dom of Nature P 

The means by which all this is effected are unknown to us ; 
but this we know, that << these wonderful harmonies are not in 
the nature of the elements, but in the will of Him who has or-* 
4ained them, in subordination to the wants of his numerous crea- 
tares*?* 

ff^hat is the o^ce of carbon in the animal kingdom ? 

As carbon is a necessary part of sugar, oils, fat, &c. it conse- 
quently enters into the composition of animal milk, and of ani- 
mal oils and fat; it is also found in albumen, gelatine, fibrina^ 
and animal urine. 

Does carbon enter into any mineral combinations ? 

It is imagined that most of the metals may be combined with 
carbon; but at present we are acquainted only with combina- 
tions with iron and zincf . 

What does carbon form when combined with iron f 

In one proportion it forms cast ironj:; in another steel; and in 
a third proportion plumbago, hitherto improperly called black 
lead$. 

* The various orders of vegetables which have been provided for the count- 
lets forms of animated existence, in the different quarters of the globe, ar^ 
•cmmeotly illustrative of the provident ciire of the Creator, and ahow us how 
great and how good is the Father of the families of the whole earth. The 
following passage from St. Pierre is so well calculated to impress this truth, 
.that it is unnecessary to apologize fur its introduction : ** The sluggish 
jCDw pastures in the cavity of the valley ; the bounding sheep on the declivity 
of the hill ; the scrambling goat browses among the shrubs of the rock ; the 
duck feeds on the water plants of the river ; the hen, with .attentive eye^ 
picks up every grain rhat is scattered and lost in the field ; the pigeon, of 
rapid wing, collects a similar tribute from the refuse of the grove ; and the 
firngal bee turns to account even the small dust on the flower. There is no 
romer of the earth where the whole vegetable crop may not be reaped. Those 
j>Untt which are rejected by one are a delicacy to anoiher, and even among the 
finny tribes contribute to their fatness. The hog devours the horse-tail and 
ben-bane \ the goat the thistle and hemlock. All return in the evening to the 
habitation of man, with murmurs, with bleatings, with cries of joy, bring- 
ing back to him the delicious tribute of innumerable plants, transformed, 
by a process the most inconceivable, into honey, milk, butter, eggs, and 



cream/* 



\ We have reason to believe that carbon unites with metals only by fusion ; 
and that the different kinds of carburettcd metals which are found, have all 
undergone intense heats at some period of the world. 

X Cast iron acquires carbon during its fusion in the smelting furnaces. 

Metals which contain but little carbon are called carburetted metals \ on 
the other hand, plumbago and such other metallic substances as are com- 
posed with more carbon than metal, are denominated metallic carburets, 

^The name which this substance has so long burne showt liow necessary 
it was to give a new nomenclature to the science* It is now known, that 

24 
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U^%at is the proportion of varbon in cast iron f 

Upon an average cast iron contains, according to the analysis 
of Bergman, about one forty-fifth of its weight of carbon*. 

What quantity of carbon enters into the composition of steel? 

Steel is iron combined with about one part of carbon in two 
hundred of ironf . 

How is carbon combined with iron to form plumbago ? 

Carburet of iron, or plumbago:):, has been found to consist ti 
nearly nine parts carbon to one of iron. 

What if the nature of the combination of carbon with sine ? 

Carbon combines largely with zinc j but the nature of thb 
combination is not much known. 

JTou said that carbon formed an add by its union with oxygen : bow 
k that effected^ ? 

what has been called black lead owes its metallic quality to irom | and Aat 
there is no poftion of lead in its composition. Many other instances might 
be adduced, in which the names of substances have given false ideas •£ their 
nature and properties. 

* Cast iron does not owe its brittle qualifies to the carbon which is com* 
bined with it ) for that iron which contains most carbon is found to be the 
best metal« Cast iron generally contains a portion of phosphate of iron, 
and always a quantity of oxygen : these substances give it its hard brittle 
quality. To convert cast iron into wrought iron the metal is submitted to 
a long intense heat, by Which means the caibon bums, and uniting with the 
oxygen, both go off in the state of carbonic acid gas. The iron is then car- 
ried to the forge hammer, which beats out the phosphate or phosphuret of 
iron, and brings the particles closer together. When the iron it required to 
be pure and good, it undergoes repeat^ hammering till it is brougnt to the 
desired quality. 

f To procure steel, nothing more is necessary than to heat good pore 
iron for several hours in a proper furnace, with charcoal, or any substances 
proper for famishing a sufficient quantity of carbor, which is absorbed hy 
the iron in the process. Iron has so great an affinity for carbon, that it is even 
capable of decomposincr the carbonic ac-d in a high temperature. See Philo- 
sophical Magazine, vol. ii. where there is an account of a late mode of fliak- 
Ing steel by fusing soft iron in crucibles, with carbonate of lime. 

X Plumbago is found in great plenty at a place called Burrow dale, in 
Cumberland. Its chief use is in making pencils, cillcd black lead pencils. 
It is likewise useful to rub over wooden machinery, where there is much 
friction. 

Carburet of iron is found also on various parts of the continent. It often 
occurs in mountains, in the midst of beds of quartz, or calcareous earth« 
It has lately been found crystallized in octahedrons. 

Plumbago (like charcoal) is indestructible by heat, unless with the pre- 
'Sence of atmospheric air. It is therefore much used for making crucibles and 
portable furnaces. It protects iron from ru«t, and on that account it rubbed 
on various ornamental cast iron works, such as the fronts of grates, &c. 

§ The pup'l may t>e satisfied of the composition of carbonic acid by the 
following experiment : Take one of those erlass receivers which are generally 
uscil for deflagrating the gases ) fill it with oxygen gas, and invert it in a 
shallow p:)n of water. Then having a piece of ignited cortical part of char- 
coal rcad^» suspend it by a wire to the stopper of the receiver, and immerse 
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Carbon has so great an affinity to oxygen, that when assisted 
by heu it will take ic from most substances ?nth which it may 
b^ cOiUbined i they then form carbonic acid gas*. 

ff7>al quantity of oxygen is necessary to convert carbon into carbonic 
flcidf' 

Twenty-eight parts by weight of carbon rec^uire 72 parts of oxy- 
gen to saturate them ; so that 100 parts of carbonic acid are com- 
posed of tturenty-eight parts of carbon, and seventy-two parts of 
o^pygenf. 

What is the specific gravity of carbonic acid P 

Carbonic acid can only be exhibited in the form of gas} ^ach 
cubical inch weighs near three quarters of a grain^ 

TVhat are the properties of the carbonic acid gas f 

it quickly in the gas. The charcoal will be seen to burn for a constdcrabit 
time with the greatest 8plendour» throwing out the most beautiful cornisca- 
tions. When the inflannnsation is over the oxygen gas will be consumedj and 
the water will be found to be impregnated with carbonic acid. 

* There can be no doubt th%t carbonic acid is formed by the union of Cif* 
bon with oxygen ; for stej&l ma^ be made as effectually by the decomposition 
of carbonic aci4> as it can by the direct union of iron with carbonaceous 
fQatter. 

Qarbon takes a gaseous form also by combining with hydrogen and caloric, 
and forms what is called carburetted hydrogen gas. I^ikewise the gas dis* 
j;oTered by Dr. Priestley, and >yhich Mr. Uruipkshank named the gaseous 
pxidf of carboff^ 

f Oxygeu has a greater affinity for carbon than for any other substance. 
]^f r.- Lavoisier burned small quantities of charcoal in pure oxygen gas in 
close vessels, and found that a part of this gas was converted into fixed air. 
He separated this from the rest of the oxygen by means of caustic alkali, 
and weighed the alkali after it had attracted the fixed air. He also expelled 
^e air again by an acid, and examined its bulk. Thus he learned the 
weight otthe air, and what measure of it had been produced. Then, com- 
paring this weight with that lost by the pharcoal which had been consumed, 
ae found it to exceed greatly the weight of the charcoal, and was exactly equal 
to the weight of the charcoal added to that portion of the oxygeu gas which 
had been changed into fixed airt Or. Black. 

The composition of carbonic acid has been further proved by analysis, as 
it has actually been decomposed, and the charcoal exhibited entire. See Mr. 
Tennanfs Experiments on fixed Air, in Phil. Trans, vol. Ixxxi. 181. 
When a diamond is burnt the proportions are different to the above, for it is 
the purest carbon we are acquainted with. It requires to form 100 parts of 
carbonic acid, only 17. SS of diamond, and Sx.i2 of oxygen. In burning 
diamond, carbonic acid is the product, and there is no residue. One part 
pf charcoal absorbs 9.527 of oxygen, and produces 3*575 of carbonic acid i 
whereas one part of diamond absorbs more than four paru of oxygen, and 
produces $ve of carbonic acid. 

Carbonic acid gas may be readily procured for experiment by pouring 
a little diluted sulphuric acid into a phial, or a retort, upon a little pulve- 
rised chalk. A.n action will immediately commence ; and if one end of a 
bent tube be made fast in the neck of the phial, and the other brought under 
(he mouth of a jar filled with water, and inverted in a vessej of t)ie 

l^as will pass from the mixture into the inserted jar^t ^ 
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Carbonic acid gas b invisible and elastic, is twice as heavy 
as atmospheric air*, ikiil niiz with vital air, may be combined 
with water, to which it gives a brisk and addnlons tastef j and 
will occasi<Hi the death of animab that are obliged to breathe 

In nvkat itates Jhes carbomc acid extjt in Nature ? 

Carbonic acid is found formed by Nature in three difiereot 
States, viz. in gas, in mixture, and in chymical combinatioBi 
It is perhaps the most abundant of all native acids$. 

JVkat instances are there of its natural existence in the state tf gas? 

it is found in the proportion oi one per cent. H in atmospbcric 
air; also in caverns and mines, where it is called the choke 
dampf. 

* Owing to its density this gas may be poured from one vessel to another 
like watcrrt or may be dra^n from a cask by a cock like other floids. la 
cciiset)uence of its great specific gravity this gat is frequently found at the 
bottom of roiiiesy wells, &c. 

f In order to saturate water with this gas it is necessary to subject it to ^ 
considerable degree of pressure. The persons who are engaged is making 
the acidulous soda water have peculiar conveniences toi this pnrpose. 
Cyder, perry, bottled beer, and other fermented liquors, owe their brislrfH 
and 5 park ling to the presence of this gas. 

X Carbonic acid has also the propeity of rendering lime soluble m water* 
As the carbonic acid escapes by exposure to tbe air, the calcaieous matter is 
precipitated from the water which held it in solution ; whence arise the vari- 
ous tarthy incrustations found in different parts of the world. Fourc:oy has 
veni- aptly remaiked, that '* when natural history was less enlightened by 
chynistr)-, springs of this kind were called petrijyimg waters, and were bj 
the vulgar reckoned among the number of miracles.*** 

% Plants of ali kinds give out carbonic acid gas while growing in Ae 
shide ; but when assisted by the rays of the sun, there is reason to thiak 
that the plants have the power of decomposing this acid ; for then the Jcavci 
give cut only ox}gen gas. Annales de Chimie, torn. ziii. p. 31 8. 

I The um: of thvs gas in atmospheric air is not accurate U knows. Per- 
fcap> the largT quantity of carbonic acid, which is perpetual;^ terming h\ the 
processes of respiration and ccmbustion, seizes the putr:d exhalations which 
arise from the caith, and preserves the atmcsphere f^oro be:ng contaminated 
with them. We know that carbzn has the property ot oniiirg chymically 
with pr.irid miasmatu, 3pd rendering them innoxious. It seems iikei) then 
that one percei.t. of caz boric acia ^as isd«ftused throughout the atmo^^hcie, 
in order that it may he ready to arrest every n ^iiignant vaf-cnr a: the mcment 
ci its tcrm:.iion by the puTrcfsciive process. Without seme such cccirivacce 
wc should be in perpetuai danger ci pestilential ccntagioc. 

Hew 'CQs: is the tribute I owe 

Ot erat^iuJe, nomage, and praise^ 

Tc the Giver cf all 1 possess. 

The lijt aisd tbe tcmgtb of my days ! JfRTis. 

f Th? floor of the Grottc de] Care, in Italy, is lower than tbe door, and 
■!his hcl!o« i» ^Iwsys fit-ec with fixed aii, which can lise ik.> higfcei tlun tbe 
': hies held cf tbe door^ be: £ows out like water. If a dog go in he is iai- 



What instances are there of carbonic acid being found mixed mth 
fluids f 

It is found abundant in Spa- water, and in some other acidulous 
waters*. 

In what substances is carbonic cuid found chymically combined^ 

Carbonic acid is found in all parts of the world in great 
plenty, in combination with the alkalies, in earths, and in stones } 
particularly in chalky limestone, and marblef. 

mersed in the fixed air, and dies immediately : but a man enters ^ith safety, 
because his mouth is far above the surface of the deleterious air. From the 
loss of so many dogs in this cavern it acquired the name of the Grotto del 
Cane. Di. Kiack, vol. ii. 94. The lakeof Aveino, which Virgil supposed 
to be the entrance to the infernal regions, evolves so large a quantity of 
this gas, that birds flying over \t drop with suffocation. Fatal accidents 
have happened to persons who have incautiously descended into brewers* 
vats before they have be^n purified from this gas. 

This gas so often occupies the bottoms of wells, that workmen ought 
never to venture into such places without previously letting down a lighted 
candle. If the candle burns, they may enter with safety; if not, a quantity 
of quick lime should be let down in buckets, and gradually sprinkled with 
water. As the lime slacks it will absorb the carbonic acid gas, and the 
workmen may afterwards descend in safety. 

Fatal accidents often happen from burning charcoal in chambers ; when- 
ever charcoal is burnt this gas is formed. Workmen have also lost their lives 
by sleeping too near limekilns, where this gas is extricated in abundance. 
Whenever persons are discovered in such situations, or are suffering from 
the effects of carbonic acid gas, the same means should be made use of as 
are directed by the Humane Society in cases of apparent death from drown- 
ing t or, when it can be done without loss of time, atmospheric air, or even 
pure oxygen gas, should be forced into the lungs. 

Carbonic acid has been given iliedicmally with success, and has pioved a 
powerful antiseptic. Meat which has been sealed up in it has been kuowa 
to have preserved its texture and appearance for more than twenty years. 

* These waters have a pleasant light acidity and brisknesb, and sparkle in 
the glass like fermented liquors ; which is well known to be the ca^e with 
water which is artificially impregnated with fixed air. Dr. Black says, that 
carbonic acid gas *' is grateful to the stomach, and has a most agreeable, 
refreshing, and cooling taste, when applitd there.** Dr. Pcrcival esteems 
it highly medicinal in pulmonic consumptions, and in malignant fevers. 

A description of a proper apparatus fur impregnating water with this 
gas will be found in Bouillon la Grangers Chyniistiy, vol. 1. 93. 

t Carbonic acid is found combmed with alkalies and with several metallic, 
oxides. These combinations are called carbonates. 

" It would be a valuable discovery to society, if we could decompose this 
gas by any cheap process, as by such means we might obtain, for economical 
purposes, the immense store of charcoal contained in calcareous earths^ 
marbles, limestones,** &c. Lavoisiers £leroents. 

'* The immense quantity of carbonic acid which exists in the many 
provinces of limestone, if it was extracted and decomposed, would afford 
charcoal enough for fuel for ages.** Darwin*s Botanic Garden. 

A cul>ic inch of marble contains as much carbonic acid in combination as 
would (ill a fix -gallon vessel when in the $tate of gas. Dr. Black*s I 
tures. 
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JViai is tie effect of the cofttbination of carbonic acid? 

Carbonic acid renders mild and salutary some of the most 
acrid and destructive substances we are acquainted with*.. 

How is the carbbnic acid separated from alkalies. and earths P 

Carbonic acid may be disengaged by ail the other, acids, but 
k is usually separated from alkalies by the addition of quick 
iime, which absorbs this acid, and thereby becoipe^ QQnverted 
into carbonate of iinaef. 

How is carbonic acid usually procured for chymical purposes? 

Carbonic acid gas may be collected in abundance ff'om the 
surface of fermenting liquors \ hut it is more commonly obtained 
by pouring sulphuric apid upon a mixture of carbonate of lime 
^common chalk), and waterj. 

How do you acGQMnt for the production of c^bonic acid gas in the 
process of fermentation P 

In all vinous fermentations a deconipo^ition of the saccha- 
rine ipatter takes place ; and a part of the disengaged oxygen, 
Vinitiqg with ^ part of the carbon of the sugar, forms carbonic 
acid. A decomposition also of part of the water of soiutioA 
perhaps promotes the process. 

What is th^ cause of vinous fermentattQn ? 

The cap3e of vinpus fern^entatiou ^s not well understood; but 
it appears to be a spontaneous commotion that takes pla(:e on 

Marble contains of carbonic acid 407 parts in looci. 
Crystals of soda • , • • 423 parts ditto. 
Mild volatile alkali- . , • 533 parts ditto. 
Carbonate of mjignesis^ , , ^94 parts. ditto, 

* The causticity of pure quick lime everyone is acquainted with | and 
the corrosive qualities of the fixed alkalies are well known : bqt when these 
substances are fully saturated with carbonic acid, the first forms mild cal- 
careous earth, (or chalk) and the others mild neutral salts^ applicable to 
many purposes of medicine and domestic economy* 

f Though the alkalies reaJily part with their carbonic acid to caustic caU 
careouR earth> yet they have a great aftnity to this acid, as may be shown by 
the following interesting experiment: Fill a jar with carbonic acid gas, then 
pour into it a sm^ll quantity of a solution oi caustic potash, or soda j and havm^ 
tied the mouth over with a wetted bladder, move the vessel ao as tp spread 
the alkali over its inner surface, when a vacuum will be quickly formed by 
the absorption of the gas, which will appear by the bladder bemg pressed 
inwards by the weight of the atmosphere. \i this experiment be made in a 
glass vessel, its surface will be seen covered with crystals of the alkali^ as 
the carbonic acid always promotes the crystallization of the fixed a;l])(alies. 

X it has been matter of surprise to me that no advantage has been taken 
of the vast quantities of carbonic acid gas which are perpetually escaping 
iroxt\ the vats of the large breweries in this metropolis. It might surely be 
collected, and applied to many useful purposes. The beneiit which is de« 
rived ixo\x\ yeast in putrid diseases, is due to its carbonic acid. An interesting 
paper on the use of th s remedy may be seen in the sis^tli volinn%of the Pbilo* 
Sophicai MagazinCi ^6* 
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the decomposition of vegetable substancesi in certain favourable 
circumstances of temperature and solution, and is a process which 
Nature employs for their destruction*. 

WlMit circumstances are necessary to product vinous fermentation f 

The presence of vegetable matters, of water, of sugarf , a cer- 
tain degree of heatf , and free access of atmospheric air. 

Can you at all account for the change 'which is effected in saccharine 
liquors by fermentation? 

By the process of fermentation the sugar, which is a vegetable 
oxide§, parts with a portion of its oxygen to form carbonic acid, 
and becomes converted into alcohol by being thus partially de* 
oxidized. 

Does sugar then become spirit of imne^ or alcohol^ merely by losing 
a part of its oxygen ? 

No: it parts inth a portion of its carbon at tl^#^ame time, 
in the form of carbonic acid gas, and the remainer forms al- 
cohol ||. 

* It if now pretty generally known that no substances are capable of fer- 
mentation but Buch as have been elaborated by the principle of animal ur 
vegetable life. See a memoir on this subject b\ Fourcroy, part iii. chap, si, 
Fonrcroy adroitfi £re d-stinct species of Tftretabir fermentations, viz. ihe 
tiocharine, or that which forms sugrar, the vinous, the acetous, the colour- 
ing, and the putrid. See Fourcroy*s System of Chymical Knowledge, vol. 
Till. 148. 

f It appears from several Ute experiments carefully made, that sti^rir is 
composed entirely of hydrogen, oxyc^en, and c^irbon. Mr. Cri:icksh.-ink 
made manv experiments on fermentation, and invariably found, that when- 
ever he added a fou'th substance to the three which compose sacchaiine 
matter, no fermentation took place. He tried limr, ani.1 at anv^thcr time a 
small quantity of potash ; and the addition of i-ithcr picvcnted fcrmcniation. 
See Mr. John Thomson''s No:e<; to Fouicro} , vol. iii. 1 iS ; also Dr. Roiio on 
Diabetes. 

t To produce vinous fermentation, it is necrs<ar\- that the matters sub- 
jected to that process sh nild be placed in a temperature not lower than 5^ 
degrees of Fahrenheit. No kind of fermentation is ever known l>eIow the 
freezing point. 

§ Laroi<$ier having analysed su^r, found that it was composed of hydro- 
gen, oxygen, and carbon, in the fiillowing propoitions : Hydrogen S]b<<. 
oxysren 64 lbs. carbon iSlhs. in eveiy loo pounds tveight of sugar. Ln- 
TOi8ier*8 Elements, 188. Having subjected looibs. of sugar to fermentatior, 
he found the products (viz. alcohol, cnrbonic acid, and acetous acid), when 
analysed, contain the precise quantities of hydrogen, oxvgcn, and carlvir, 
which were contained in the original sugar. The particular dCiAil which 1..: 
has given of these experiments is extremeiv interesting. Ibid. p. 185 i.-t 
197. In consequence of the results which were obtained, he rcmjikv. 
•• The effect of the vinous fermentation upon sugar is thus i-educed !o t;-,- 
mere separation of i*5 e1emen:s into two portions; one part is oxy^rcmrc ' .■: 
the expense of the other, so as to form carbonic acidj while the o;hr;- jv* •. 
being disoxygenized in favour of the former, is converted into t!^c corj.iv.:*. 
tibletabatanfe called alcohol.'* I hid. p. 196. 

t The spiritous quality of all fermented liquors is owing to :lie 
Aey contain, whether it be malt liquor, wine, or spiii:?. 
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Eftdeavcuf* to recollect the different properties of charcoal which you 
have enumerated in this chapter. 

Charcoal appears to' be indestructible by age ; it is not in the 
least altered by the most intense heat, if heated in closed vessels ; 
when burnt in atmospheric air it becomes converted into carbonic 
acid gas; it is a valuable antiseptic; it is the basis of all vege- 
tables ; and one of the component parts of wax, oils, gums, and 
resins : from its affinity to oxygen it has the property of decom- 
ppsing the sulphuric and nitric acids, and of reducing them to 
first principles; it will decompose all the sulphuric salts; will 
reduce all the metallic oxides to a metallic state ; and, combined 
with ozygen in the form of gas, has the property of rendering 
the most acrid and caustic substances in nature mild and inno- 
cent : and lastly, its pure carbonaceous matter is capable of crys- 
stallizing in the form of diamond^; but this latter has never been 
effected by ak. 

How did chymists become acquainted with all these properties of 
charcoal^ 

Formerly, nothing was known of charcoal but its indestructi- 
bility and its antiseptic qualities. The other peculiar and sur- 
prising properties of charcoal were reserved for the discoveries of 
the present age ; for which discoveries we are indebted to the 
labours and genius of Blackf, Priestleyij:, Cavendish, Lavoisier, 
Guyton, Tennant, and Berthollet ; and to the gradual develop- 
ment of the present improved system of chymistry. 

What reflections naturally present themselves on the consideration oj 
the various properties of charcoal and the other simple combustibles ? 

This subject, when considered in all its connections, is calcu- 
lated to produice the most profound admiration ; and serves to 
convince us of the unbounded coniprehension of that Divine 

• See Additional Notes, No. xxxvi'. 

f In the year 1755 ^^' Blaqk discovered the acid gas which ir thrown off 
from fermented liquors and from roild calcareous earth. H^ called it ^xed 
air- 

J Dr. Priestley explained the effect of charcoal in decomposing^nitrous 
acid, examined ihe gas that is thrown off in this decomposition, and pointed 
out the necessity of distinguishing the different gases from common airj for 
which the Royal Society awarded him an hoiiorary prize. 

In the years 1766 and 1767 Mr. Cavendish published papers in the Philo- 
sophical Transactions on the nature of elastic fluids, in which he announced 
that he had produced fitted air by the burning of charcoal. This assurance 
called the attention of all chymists to that surprising substance, and was the 
forerunner of the many discoveries which have since been made respecting its 
properties, &c. 

Lavoisier pointed out the nature of the action of charcoal in reducing 
metallic oxides ; investigated the nature of the combustion of the diamond j 
announced the exact quantify ot carbon in carbonic acid; and the production 
of carbonic acid by the decomposition of water with ignited charcoal. 



mind, whicli,, in the act of creation, could foresee and appoint 
such, important effects to results from the combinations and 
changes of the most inodorous and insipid substances. We learn 
alsbf that all the works of the Creator are perfect ; abd perceive 
with astonishment, that they are composed of elements which 
are in themselves incapable of destruction*. 

** See Additional Notes, No. xxv. and xxxvii. 



CHAPTER X 



OF METALS. 



f^ HjfTare the characteristics of the metals? ^ 

The general characters of metals are, great specific gfavity*^ 

lustre, opacity, fusibility, malleability, and ductility j but some 

metals are neither malleable nor ductile. 
Itow are the metals procured ? 
They are generally taken from the bowels of the earthf , in t^ 

.state of combination either with o^her metals:}^, with sulphur^ 

.* Metallic substances have a much greater specfic gravity than all other 
bodies. A cubic foot of marble weighs only 252 pounds; whereas a cubic 
foot of tin, the lightest metal, weighs 516 pounds, and a cubic foot of gold 
weighs 1316 pounds. 

.'f Metals are generally found in mountainous countries, in such as form a 
continued chain \ but the metallic part of a mountain u&ually bears but a 
small proportion to its whole contents. Granite rocks seldom contain any 
metallic ores. 

It is deserving of notice, that if minerals had been placed on the surfece 
of the globe, they would have occupied the greatest part of the earth, and 
would have prevented its cultivation. Their being deposited below is a 
proof of management and design worthy the divine architect. 

X When metals are found combined with other metals they are called 
native alloys. 



^ 
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oxygen, or with acids^, though a few of them Jbave occasionallj; 
been found in a state of purityf • 
' By what methods are the metals purified Jrom these substances ? 

liie metals are purified from their ores by various meap^} 
such as washing, roasting, fusion:|:, &c.i bpt the method must 
111 ways be regulated by the nature of the ore to be assayedj. 

How many metals are there ? 

There are twenty- three distinct metals, which possess proper^ 
ties very difierent and distinct from each other||. 

HoFW ate the metals classed by modern chymistsF 

They are divided into two classes. The one contains the malle- 
able, the other the brittle, metals^ This last class is sometimes 

A table of the orders and the genera of the ores of metals may be seen 
in Dr. Thomson^s Chymistry, vol. iv. 19. 

* The sulphuric^ muriatic, phosphoric^, and carbonic acids are those 
ivhich are generally found in combination with metals. 

f Among those metals which most frequently occur in the metallic state 
may be ranked quicksilver. In Bishop W^atson^s Chymical En^ays nnention 
is made of such a mine in this country, viz. at Berwick in Northumberland, 
in the mid&tof that town ; and Mr. Hume, a friend uf mine, a native of that 
place, assures me he was an ey." witness to this fact. 

X The analysis of metallic ores in the great, is always performed by fire^ 
and is called the elry way ; btit the more accurate analysis is effected by means 
of various chymical re-agents which modern chymistry has applied to that 
purpose, and is termed the moist ^^y , Before the time of Bergman every 
kind of analysis of minerals was conducted "by fire t he was the first chymist 
who resorted to the method of solution in acids, which is easy, simple, and 
effectual. 

§ Those who wish to invsetigate this subject may find ample information in 
Schlutter^s work on Mineralogy) in HenkelS Pyritologia ; in Crdmer on 
Metals ; and in KirWan^s Mineralogy. Some general ideas on the subject 
may be collected from a well-written paper of Dr. Thomson^s, in his System 
of Chymistry, vol. iv. 174. 

II For a knowledge of most of the metals, we are indebted to the more 
perfect modes of analysis which modern chymistry has afforded. Thfe anci-* 
ents ^ere acquainted with only seven of these metals. The properties of these 
were tolerably well known to the early chymists, who acquired their know- 
ledge from the alchymists. These infatuated people tortured silver, mercury« 
copper, iron, tin, and lead, in every way they could devise, in order to 
convert them into gold. Alchemy was probably introduced into Europe by 
the crusaders^ whose minds were prepared for the reception of any delusion. 
In all likelihood they picked up the idea of the transmutatioti of metals oh 
their return from Palestine ; and as error generally operates more powerfully 
than truth with such fanatics, they deluged their native country with these 
absurdities! The vain and conceited Paracelsus, a Swiss physician, was 
one of the last of the alchemists* ^He announced to the world that he had dis- 
covered a medicine, which would render man immortal : but worn out by' his 
debaucheries andexcesses^ he gave the lie to this assertion j for be himself died 
in the year 1534, at the age of4<. 

In the reign of Henry IV. an act was passed to make it felony to transmute 
metals. This act was repealed in coniequence of the suggestions of Mr< 
Boyle. 
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subdivided into two others^ viz. those which are easily, and those 
which are difficultly, fused. 

How many malleable metals are there ? 

Tenj vi». 

1. Gold,* 6. Iron, 

2. Platina, 7. Tin, 

3. Silver, 8. Lead, 

4. Mercury, 9. Nickel, 

5. Copper, 10. Zinc* 
How many brittle metals are there ? 

There are thirteen metals in this class which are neither malle- 
able nor ductile. Indeed few of them can be brought into fusion 
without an intense heatf. 

JVhicb are the easily fusible of the brittle metals ? 

There are four fusible brittle metals ; viz. 

1. Bismuth, 3. Tellurium, 

2. Antimony, 4. Arsenic. 
IVhich are the brittle metals that are fused with difficulty ? 
There are nine of these metals \ Viz. 

1 . Cobalt, 4. Molybdenum, 7. Chromium, 

2. Manganese, 5. Uranium, 8. Columbium, 

3. Tungsten, 6. Titanium, 9. Tantalium. 

It will be necessary to consider each of these metals separately ; there^ 
fore^ what ir the nature of gold? 

Gold is the heaviest of all the metals, except platina } it is not 
very elastic, nor very hard ; but it is so malleable and ductile, 
that it may be drawn into very fine wire, or beaten out into 
leaves thin enough to be carried away by the slightest windj:. 

* Of diese metals^ the three first have been called noble or perfect metali} 
because they stand the most intense beat of our furnaces without suffering 
oxidizementy or any diminution in their weights. 

•f Owing to thr brittle nature of these metals, such of them as were for- 
merly known were called umi-metah \ but this distinction^ as it conveys 
erroneous ideas, is now generally laid aside, 

X Dr. Black has calculated, that it wuuld take fourteen millions of films 
of gold, such as is on some fine gilt wire, to make up the thickness of one 
inch I whereas 14 n^illion leaves of common printing paper make up nesr 
3.-4 of a mile. Vol. ii. 654. According to Fourcroy, the ductility or gold 
is.sucby that an ounce of it is sufficient to gild a silver wire more than thirteen 
hundred miles long. Fourcroy, ii. 495. 

Such is the tenacity of gold, that a wire i-ioth of an inch in diameter will 
support a weight of 500 pounds without breaking. 

, Gold melts at 32* of Wedgwood, By means of a powerful lens it may be 
volatilized. 

Gold becomes much harder by an union with a small quantity of copper. 

Gold leaf, thrown into oxygenized muriatic acid gas, takes fire and ' 
with great brilliancy. 

Fulminating gold is made by diluting a saturated solution of go] 
hree times its measure of distilled water, and precipitating the oxide by 
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Where is gold found ? 

Gold is found in Peru and other parts of the world. It always 
occurs in a metallic state^ and most commonly in the fora of 
grains.* 

What is the effect of oxygen upon gold ? 

Gold has so little affinity for oxygen, that it cannot be oxi- 
dized like the other metals -, though this may be effected by 
amalgamating it with mercury, and applying heatf • 

aqua ammonia gradually added to the solution. The preci pirate, when dcied 
on a filter, furms this fiilminatmg powder, which detonates by heat. 

Gold may be known from all other metals by its bright yellow colour, 
and i^s weight. Its specific gravity is 19^; when heavier it must be com-' 
bined with platinaj when lighter, and of a deep yellow colour, it is alloyed 
with cupper ; if of a p.tle colour, with silver. 

Gold may be detected when in solution, by green sulphate of iron ; this 
precipitates it of a brown colour, which soon changes to the colour of gold. 

* Guld frequently occurs in the ores of other metals, but it is chiefly 
found in the warmei regions of the earth. It abounds in the sands of 
many African rivers, in Soi^th Amoica, s^nd in' India. Seveial of the rivers 
in France contain go4d in the>r sands. It has also been discovered in Hun- 
gary, Sweden, Norway, and Ireland. Near Pamplona, in South America, 
single labourers have collected upwards of aoo/. worth of wash gold in 1 
day. In the province of Sonora the Spaniards found a plain fourteen leagues 
in extent, in which they found wash-gold at the depth of only 16 inches : the 
grains were of such a size that some of them weighed 72 ounces, and in ^uch 
quantities, that in a short tinde, with a few labourers, they collected 1000 
marks (equal in value to 31,219/. loj. sterling) even without taking time to 
wash the earth that had been dug. They found one grain which weighed 
332 ounces. This is deposited in the Royal Cabinet at Madrid, and is 
vforth 500/. Dr. Black, ii. 694. ' 

The native gold found in Ireland was in grains, from the smallest size 
lip to between two and three ounces. Only two grains were known to have 
been found of greater weight, ont of which weighed five, and the other 22 
ounces. See Phil. Trans, for 1796. 

Some of the French chy mists assert that they have absolutely 'discovered 
gold in the ashes of vegetables. 

f Gold is susceptible of two degrees of oxidizement } the purple, and the 
yellow oxide ; but neither of them is ever found native. 

According to Fourcioy, gold and silver may be oxidized by triturating 
them in a moriar with saliva. This method is frequently made use of 
for oxidizing mercury. Saliva has a great affinity for oxygen. Nature 
«eem3 to have endowed it with this property, that it may absorb oxygen from 
the air to impart it to the food. 

** If gold and silver should, when heated with other metals, undergo a 
«Ht^ht degree of calcination by such a process, a stronger heat alone makes 
them immediately resume their pure and metallic form. The allusion there- 
fort to this quality of the precious metafs, to illustrate the triumph of a good 
lieart over misfortune, is peculiarly beautiful; and as this is to be found in 
the hook of Job, the discovery of the oxidizement and reduction of these 
metals must be very ancient." Dr. Black. 

The attraction of gold and silver for oxygen is so slight, that the rays of the 
$un Hl<<ncwiil de^oxidize the oxides uf these inetals. 

'j^jjp ..«;^«jj of gold may be reduced by hydrogen gas, or sulphurous acid 
gas. '^ satin ribbon, or silk, be moistened with a diluted solution of 
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■ 

What salts of gold are there f 

There is only one salt of this metal that is much known to 
chy mists, viz. muriate of gold*, which is obtained in small crys- 
tals, and is very soluble in water. Many other salts may be 
formed with this metal, but nothing at present is known either 
of their properties, or usesf. 

What are the uses of gold ? 

Gold is used for jewellery, for plate, and for current coin ; 
but for these purposes it is generally alloyed j:. Gold is also used . 
to spread over other metals to preserve them from tarnishing or 
rusting, as gold does not become oxidized by exposure to atmos- 
pheric air$. 

gold, and while moist, exposed to a current of either of these gases, the 
metal will be immediately reduced, and the silk become gilt with a regular 
coat of gold. In this way any ornamental figures may be laid upon sillc, 
the gilding of which will be very peimanent. For the rationale of thi^ 
process consult *' Mrs. Fulhame on Combustion,** to whom we are indebt> 
ed for the invention. 

* This salt is formed by dissolving gold in nitro-muriatic acid, and 
leaving the solution at rest ioK the salt to crystallize. In this process the 
nitvic acid affords oxygen to the metal ; and as the metal becomes oxidized 
the oxide is dissolved by the'muriatic acid. Nitro-muriatic acid and oxygen- 
ixed muriatic acid are the only acid solvents of this metal. 

A solution of muriate of gold, when concentrated by evaporation, yields 
beautiful yellow crystals not unlike /0>^/7Z^/. 

If ether be added to a solution of muriate of gold, the gold will leave the 
acid, and float upon its surface, combined wiih the ether. This ethereal 
solution has lately been used by Mr. Stodart and Mr. Savigny for defending 
their lancets and other surgical instruments from injury by a damp atmos- 
phere. It was formerly used in medicine under the name of potable gold. 
In those days of credulity it was generally prescribed to all patients who 
could furnish the apothecary with gold enough to make a sufficient quantity 
of the medicine to insure a cure. The account wh:ch old Glauber gives of 
this celebrated panacea at the end of his <* Treatise on Philosophical Furna- 
ceSf*^ 1651, page 393, will afford the reader some entertainment. 

-f- As there are thirty two acids, each of which is probably capable of 
uniting with each of the metals, the number oi metallic salts that may be 
formed by art will amount to many hundreds s but in this elementary work 
only those most known will be noticed j particularly the native salts, as 
these are the most interesting, and will be most easily remembered. In 
order to form this part of the chapter, I shall avail myself chiefly of Dr. 
Thomson's account of these bodies. 

X Gold is generally alloyed with copper. What is called pale gold is 
alloyed with silver. See ah interesting paper on the various alloys of gold, 
by Ct^arles Hatchett, esq. in Phil. Trans, vol. xciii. 43. 

Standard gold of Great Britain is twenty two parts pure gold, and two 
parts copper ; it is therefore called gold of *< twenty two carats flne.** 

§ Gold is also used in a state of solution, for staining ivory and ornamen- 
tal feathers. It gives a beautiful purple red, which cannot be effaced : even 
marble may be stained with it. The nitro muriatic acid is the menstruum 
used for this purpose. The potters dissolve gold in this way, to be applied to 
the common kind of porcelain. Bismuth or zinc will precipitate gold from 
•Cliis solution. Tin will precipitate it of a beautiful purple, called the purple 
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' What is the origin of .silver ? , . 

Silver is foiihd in Various parts of the world in a metallic statei 
;xlso ill the states of a^tHphufet, a salt> and ah oxide*. 

What is the nattir^ of silver? 

Silvfer rs a heavyfi Soncxrotis, brilliant, white metal ; exceed- 
ingly ductile, and of great malleability and tenacity. It possesses 
these latter properties in so great a degree, that it may be beaten 
into leaves itihch thinner than any paper| •, or drawn out Into 
\vire as fine as a hairj without breaking^. 

* 

frecipitatc of Casiius. This also is used by the potterS in printing oil 
porcelain. Sulphuret of potash will dissolve gold completely* Some have 
thought that Moses made use oF this process to render the calf of gold* 
adored by the Israelites, soluble in water. Stahl wrote a long disseriation 
in order to prove that this was the case. See Additional Notes, No. xxix. 

* Native silver is found chiefly in the mines of Potosi. Suiphuret of ail- 
ver occurs in the silver qimes of Germany, Hungary, Saxony, and Siberia. 
Oxides of silver are common in some ot the German silver mines. Silver 
has lately been found in a copper mine in Cornwall. See Mr« Hitchen*8 
paper io Philosophical Transactions, vol. xci. 159. Most of our lead mines 
, ulso a0urd it. 

By the silver which was procured from the lead mines in Cardiganshire, 
sir Hugh Middleton is said to have cleared two thousand pounds a month, 
and that this enabled him to undertake the great work of bringing ibc Mew 
"River from Ware to London, In 16371 a mmt was established at Aberyet- 
with for coining Welch silver. Bishop Watson, 

Aristotle says, that some shepherds discovered the method of working the 
silver mines of Spain 3 for, having occasion to clear a quantity of land by 
burning down the wo«xl, they found fused silver produced by the operation 
of the ^res. 

It is owing to the spirit which the promulgation of cliymical science has 
diffused among the landholders, that a silver mine has been discovered in. 
Cornwall, which has been worked for 20 years past with advantage. 

Nature, profusely good, with wealth overflows, 
' And still is pregnant, tbo* she still bestows, 

Blacklock. 

It may be ascertained whether an ore contains silver, by pulverizing it 
and disbuiving it in nitric acid, and aftei wa^rds adding a little muriatic acid. 
Should it contttin any silver, the muriatic acid will insiantly combine with 
the whole of it, and precipitate it from the nitric solution in white flakes of 
muriate of silver. In order to know the proportion of silver in any given 
vjuantity of ore, collect this precipitate on a filter, heat it red, and weigh it 
:iccuraie]y. Every JOQ grains of this precipitate contains 73 grains ot pure 
silver. 

-p The specific gravity of silver is 10.500. It is a very soft metal. 

X Fifty square inches uf silver leaf weigh not more than a grain. 

§ Thu silver wire used by astronomi:rs is not more than half as thick as a 
fine human hair. 

biivcr melts at 28^ of Wedgwood. In a temperature much higher it be- 
coiTi^s vuliitilized. 

Silvi.), gold and platina require the heat of a powerful burning lens in order 
to put uit. in in a $ta(^ of. combustion. 
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W^Afl* is tb^ effect of oxygen upon silver f 

Silver caoopt be oxidized by atmospheric ^ir, u^les^ ctpp^d 
to. an intense heat ; but the oxide, of silver may be pijpciuied by 
dissolving the metal iu an acid"*", and then precipitating it by a 
pure alkali. There are two oxides of silver, viz. the gray, and. 
the white oxidef , 

SP%tf/ salts are there of. silver ? 

The nitrate of silver J is best known 5 but in analysis the sul- 
phate of silver is also a most useful test ; and many other salts of 
this metal may be formed^ The muriate and the c^r:bQnat& o£. 
sitver are both found native||. 



Silver has a great Affinity for murintiC acid t hence tnuriat'c add Is cm-i 
ployed as a test for discovering silver in solution^ 

To kx\ow when silver is p\ire, heat it in a common Hre^ or in the iia.m^.of 
a candle: If it be alloyed, it will become tarnishtd \ but if it. b^ pur« 
silver, it w|l] remain perfectly white. 

* The nitric is the proper acid to dissolve silver* Silver is dissolved ii\ 
this acid for forminjE; the metallic tree. It is a pleasing experiment attended 
with very little expense. A metallic crystallization somewhat similar may 
be made by suspending a piece of zinc in a solution of acetate of lead^ S«ql. 
Gren^s Chym. vol. ii. 3S2. 7'hom8on*8 Fourcroy, VoK ii« 487. 

f Metals cart combine only with one certain portion of oxygen. If ihH. 
portion of oxygen be hot present, the metal will not become oxidzed. Where 
a metal is susceptible of two degrees of oxid'zementy it becomes first oxidized 
with the smaller quantity of oxygen : after this, the new combination has a 
farther attraction for oxygen, and the second degree of oxidizement takes 
place.' 

Si|ver» when reduced to a liquid amalgam wUh mercury, is liable to Ten 
oxidlted at the temperature of the atmosphere. This is owing to its having; 
lost its natural coherence by that operation* The, same may be said pf an 
amialgam of gold. Bertholiet. 

■J This salt is kept in chymical laboratores as a test for the muriatic acid. 
When melted and run in moulds it forms the lunar caustic of the apothecaryv 
When dissolved in water and left at rest, it crystallizes in brilliant trans- 
psirieht; plates of different forms. Though the solution is as pale as pure 
\i^ferf it will stain the »kin and other animnl substances* of an indelible 
black. It is employed to dye human hair ; for staining marbles and jaspers ^ 
and for silvering ornamental work. This salt is the most powerful antisep* 
tii known. One ounce of it dissolved In ii,oco ounc^fs of water wii I pre- 
serve the water from putrefaction for ever, and it may any time be separated 
therefrom in a few minutes, by adding a small lump of common salt. "Dw 
BIack» vol. ii. 661. An ingenious method of silvering ivory by the solu. 
tion of this salt may be seen in Count Rumford's Phil. Papers, vol. i. 21. 

A solution of nitrate of silver mixed with a little gum water forms the 
indetihle ink used in marking linen. 

§ Hyperoxygenized muriate of silver has been used in making fulmina- 
ting powder. If thi? salt be mixed with half its weight <:f sulphur, ami 
struck slightly, it detonates with prodigious Violence. The flash is white 
and vivid, and the silver is reduced. Dr. Thomson, ii. 539. 

Jl" Muriate of silver has been found cj-ystailized in Saxony, and in Soii'h 
Ai^erica* Carbonate of silver has been found in mas!^es in Suabia. 
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What are the uses of silver ? 

Silver is used chiefly for ornamental work, for domestic* 
Utensils, and for current coin 5 but for these purposes it is gene- 
rally alloyed with copperf; without which it would not have 
sufficient hardness to stand much wearf . 

How is platina procured ? 

Platina is found in grains, in a metallic state> at St. DomingOi 
and at Santa Fe in PeruJ. 

What is the nature of platina ? 

Platina is the heaviest of all the metalsH ; is nearly as white as 
silver ; and is difficultly fusible -, but by great labour it may be 
rendered malleable, so as to be wrought into utensils like other 
metalsf . It will resist the strongest heat of our fires without 

• Pliny observe**, that such was the luxury of the Romans, that it was 
irhcn simply rcckon«rcl a piece of elegance to consume 'n the ornaments of 
coaches, and in the trappings of horses, metals which their ancestors could 
not use in drinking- vessels, without being astonished at their own prodi- 
gality. Nero and his wife shod their favourite hordes with gold and silver. 
Watson, vol. iv. 188. 

f Our standard silver is formed with 1 5 partii pure silver, and one part 
copper* 

\ Silver is used also for plating other metals, for silvering dial-plates, 
&c. An account of these d*iFerent processes may be found in Iroison^s 
School of Arts. 

§ Charles Wood was the fir<%t person who brought any of this metal te 
England He brought it from Jamaica, in the year 1741 ; and published an 
account of his experiments upon it, in the Phil. Trans, for 1749 and 1750. 
Platina in the language of Peru means little silver. 

The ore of platina contains no less than nine different substances ; viz. 
silex, iron, lead, copper, platina, and five new metals. The properties of 
these new metals have as yet been but littie investigated. For the methods 
of analysing the ore of platina, consult Dr. Wollaston*s and Mr. Tennant^s 
papers in the Philosophical Transactions, which are the best treatises oa 
this metal. 

Platina may he distinguished from all other metals by adding a solution of 
muriate of ammonia to a solution of the metal in nitro-muriatic acid^ 
when a red coloured precipitate will instantly appear. This is the only 
means yet known to discover when gold has been alloyed with this metal. 
Gold is generally known, if weighed hydrostatically, by its specific gravity \ 
but if It be alloyed with platina some other test is necessary, as platina has 
a greater specific gravity than gold. 

Some of the methods which have been employed to procure platina in a 
state of purity may be seen in Thomson*s Chymistry, Phil. Trans., and 
other modem publications. 

I The specific gravity of hammered platina is 23.00, which is more than 
double that of lead. It may always be known from other metals by this 
superior specific gravity. 

^ Mr. Knight was one of the first of the modern chymists who pointed 
out a way to render this metal malleable. See his paper in Philosophical 
Magazine, vol. vi. i. Another method to accomplish this end his been 
published by Mr. Tilloch in the twen'> first volume of that work. 

Platina has been drawn into wire less than the two thousandth part of an 
inch in diameter. 
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melting*^; and^ fike iron, is capable of being welded when pro^ 
')>erly heated. 

^Tbia is the effect of oxygen on platina ? 

The oxygen in atmospheric air has no effect upon platinaf^ 
unless when assisted by an intense heat ; btit the oxide may be 
jMTOcured by dissolving the metal in nitro-mnriatic acid, andi 
precipitating it by an alkali:}^. 

What salts are there of platina f 

A Variety of salts may be formed with the oxide of this metal j 
hat none of them have yet been brought into any use$. No 
ftalt of platina has yet been found native. 

What are the uses of platina ? 

t'latina has hitherto been chiefly used for chymical utensils^ 
«uch as crucibles, spoons, &c.|], and to make specula for teles- 
copes. It has also been beaten into leaves, and applied to porce- 
lain in the manner of leaf gold % Its oxide is used in enamel 
painting. 

Where is mevcMVj found ? 

Mercury is brought to Europe from the East Indies, and from 

* The strongest of the pure mineral acids have no effect upon this metal j 
scitber has the strongest hre^ Unless it be urged by a stream of oxygen gasik 
It may, however^ be melted by a burning lens, or dissolved inoxvgenized 
jnoriatic acid, or nitro-muriatic acid. If mixed with arsenic, and then ex- 
posed to a great heat, it fuses readily. 

\ On account of this property, as well as its hardness, it has been recom* 
.mended for the fabrication of national standard weights. 

X This metal may be also oxidized by the electric spaik, or by heating it 
wttli nitre. Native oxide of platina is not known. 

FrottSt says, that when platina is combined with other metals it oxidizes 
mmrn easily than has hitherto been believed. Annales de Chimic, tome 
xxxviii. 

f In order to form any salt with this metal, the platina must be previously 
flitsdlved in nrtro- muriatic acid or oxygenized muriatic acid, these being the 
•nly acids that will act upon it. A solution of any other salt is then to b« 
added, and by double affinity the new salt required may be obtained. Thus 
a solution of phosphate of soda would probably give a phosphate of plat na. 

I The important uses to which this piecious metal may be applied may 
be easily conceived when it is considered that it unites the indestructibility 
of gold to a degree of hardness almost equal to that of iron ; that it resists 
the fiction of the most violent fire, and also of the most concentrated acids* 
Pourcroy, vol. ii. 527. 

^ A very neat method to cover other metals with platina was lately dis* 
covered by Mr. Stodart, who found that, like gold, it may betaken up from 
itssolntion by sulphuric ether. See NichoUon*8 Journal for the year 1805* 

It is said that M. Strauss has, after many experiments, succeeded in ap- 
plying platina to the coating of copper with as much ease as the common ope* 
ration of tmning. The durability of this metal, and its resistance to acids 
and saline matters, will render this a most valuable discovery. 

An alloy of copper with rhis metal is likely to prove very valuable, as it is 
maUeable and ductile, is susceptible of a fine polish, and receives ne Urnish 
of its lustre by exposure to the arr* 
26 
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Peru* ; but it is found in greater abundance at Almadenf , in 
SpaiHi where it is extracted from the ore by distiilationj:. 

ffhat is the nature of mercury ? 

Mercury, in the temperature of our atmosphere, is a fluiiT 
metal§> having the appearance of melted silver ; in this state 
it is neither ductile nor malleable; very volatile when heat- 

* The quicksilver mine of Guanca Velica, in Peni> is 170 fathoms in 
circumFerence, and 480 deep. In this profound abyss are seen street*, squares, 
indachapd, where religious mysteries on all festivals are celebrated. Mil- 
lions of flambeaux are continually burning to enlighten it. The mine gene-^' 
rally affects with convulsions those who work in it. The unfortunate victims 
of an insatiable avarice are crowded all together, and plunged naked into 
these abyAses. Tyranny has invented this refinement in cruelty, to render 
it impossible for any thing to escape its restless vigilance. 

For in the dark Peruvian mine confined, 
Lost to the cheerful commerce of mankind* 
The groaning captive wastes his life away. 
For ever exilM from the realms of day ; 
While, all forlorn and sad, he pines in vaid 
For scenes he never shall possess again. 

Falconer. 

f In the year 17179 there remained above isoo tons of quicksilver in the 
magazines at Almaden, after the necessary quantity had been exported to 
Peru for the use of the silver mines there* 

The quicksilver mines of Idria, a town in the circle of Lower Austria^ 
have been constantly wrought for 300 years, and are thought upon an average 
to yield above 100 tons of quicksilver annually* Watson. 

X Mercury is found also m Hungary and Ghma ; it occurs most commonly 
in argillaceous schistus, lime-stonesf and sand stones. It is found }n Swe- 
den amalgamated with silver, and, frequently, combined with sulphur. 
Running mercury is found in globules, in earths and stones* in Aroeiiea, 
and collected from the clefts of the rocks there. Cinnabar, or sulphoret of 
mercury, is generally found also in those countries which produce the flnid 
metal. To extract the metal from the cinnabar, this ore is mixed with qoick-^ 
lime and then submitted to heat. The lime combines with the sulphur, and 
the mercury which sublimes from the mixed mass ia collected in receivers. 
An account of the whole process may be seen in the Memoirs of the Frenck 
Academy for 1776. See also Note^ page 194. 

According to Proust, mercury is found mixed with all marine salts } ami 
the muriatic acid of conmierce contains mercury in the state of corro&ive sub- 
limate, arising from the mercury naturally mixed with sea-salt. NichoUon^s 
Journal, voliii. 4to. 375. 

§ We see mercury always in a fiuid state, because it is so very fusible 
that a small portion of caloric is able to keep it in a state of fludity. All 
metals require different portions of heat to fuse them. Lead melts with s» 
little heat, that when first melted the band may be plunged in it without 
occasioning pain \ ixrhereas gold requires the heat of 32 of Wedgwood to 
melt it, and platina a much stronger heat. Mercury, when submitted to a 
sufficient degree of cold, is similar in appearance to other metals, and may 
be beaten out into plates. It has been deteimined that 39 degrees below zer» 
oi Fahrenheit's thermometer is the point at which the congelation of mercury 
takes place. At the poles quicksilver would be unifofmly solid. 
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ed* \ extremely divisible ; and is the heaviest of all the metals 
except platina and goldf . It readily combines with several of 
the other metak, and forms with them what are Called amalgams. 

What effect has oxygen upon mercury ? 

Mercury does not readily' combine with oxygenj:, even though 
a very extended surface be exposed to the action of atmospheric 
air \ but it has been oxidized by an uninterrupted application of 
heat for some months. Acids are usually employed to oxidize 
11$. 

WTjat salts are there of mercury ? 

There is a great variety of mercurial salts ; but the acetate, the 
sulphate, the nitrate, and the muriate of mercury are best knowi^ 
The latter is found native in the Palatinate||. 

What are the uses of mercury ? 

Mercury is used in large quantities for silvering mirrors, fpr 

In the winter of 179^9 Mr. Pepys froze ^^S pounds of mercury into a solid 
and malleable mass. A minute account of the process-by which he effected it 
may be seen in the Philosophical Ma^razine. 

* Mercury is a substance so volatile that it may be distilled like water. 
It is sometimes- purified in this way from a mixture of other metals. It is 
also «o elastic when in a state of vapour, that it is capable of bursting the 
•tzongest vessels. There is no better way of ascertaining the purity of mer* 
cury than by distillation. 

f According to Mr. Biddle, the specific gravity of mercury at 47 degrees 
above zero is 13*545 \ but when frozen into a solid at 40 hfloijii zeroj 

X Mercury will not hum ei their in atmospheric air, in oxygen gas, or in 
oxygenized muriatic gas. The same may be said of gold and silver \ which 
h^s induced Dr, Thomson to exclude these three metals from the class of 
combu&tibles. See his £ssay on Combustion, in Nicholson^s Journal. 

§ Mercury may be readily oxidized by dissolving it in nitric acid, and 
tbeo precipitating it from its solution by the addition of a pure alkali^ or 
by exposing the solution to a proper degree pf heat to expel the remaining 
acid. It is capable of four degrees of oxidizemenr. 

The beautiful scarlet pigment called verm\lion is prepared from mercury. 
It' is the red sulphuretted oxide of mercury. Europe has hitherto been fur- 
nished with it by the Dutch manufacturers, of greater beauty than any 
which has been procured from other markets \ though it is said that even 
this article is inferior in splendour to that which is manufactured in China. 

I Several salts are formed with this metal by art for medicinal purposes ; 
viz. Keyier'^s pill, which is an acetate of mercury 3 Turhitb mineral, which 
is said to be a sub •sulphate of mercury ^ Red precipitate, or oxide by means 
t»f the nitric acid ; Calomel, or mild muriate of mercury j and Corrosive 
sublimate, which is an oxygenized muriate. Besides these there is a prepa- 
ration called Precipitate perse, which is a true oxide of the metal ; and 
Etbiops mineral, and Cinnabar, which are both combinations of mercury 
wicfa sulphur. 

One ot the most valuable of the above salts is calomel^ which 19 poade by 
triturating fluid mercury with corrosive sublimate, and then submitting the 
mixture to sublimation. As this medicine is much used in private families^ 
and as dreadful consequences might ensue if it were improperly prepared^ 
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water gilding^ for making barometers and thermometers, and 
in the manufacture of vermilion, it has also various and impor- 
tant uses in medicinef. 

How is copper procured ? 

Copper is found in several parts of England and Wales, parti- 
eulariy in Com wall, and in the isles of Man and Angleaea. It is 
an abundant metal, and has been raised in various o0ier parts tf 
the world^. 

Of what nsjture is copper ? 

it ought to be generally known, that if it be not perfectly insipid to the taste, 
and indissoluble by long boiling in water, it contains a portion of oxygeni- 
Uto mutiate of meicury, or corrosive sublimate, and is consequently poir 
Sonuiig. 

* S.e Additional Notes, No. yxix. 

t A fuiminiting puwder has also been made with this metal, whtck mi^t 
he advantagtvjusly empli^yed for blasting rocks instead of gunpowder. This 
is huid to have been d scovered by Mr. Howard, and is usually called <* Hvw? 
ard\ fulminating powder :** btit a f ritnd of mine has a pamphlet, published 
many years ago, which states that fulminating mercury was prepared by the 
author J who, perhaps fortunately for him, was not aware of its dangerous 
natiire. 

In South Ameripa mercury is used to separate gold and silver fiom the 
txtiHneous matter found with those metals. By triturating the mass with 
me.cury, the gold and silver become amalgamated with it $ and afterwards^ 
ths amalgam is submitted to heat, whep t^ie mercury subfimes, and the per- 
fect metals are left in a i^tate of purity. 

S. vetal of the uses of mercury were known to the ancients. Theophras* 
tu^, an ancient Gr^eic phiio^sspher, who wrote about 300 years before Christ, 
Was acqoainie ' with it, and knew how to work it so as to form vermilion. 

X Copper mines have been wurked in China, Japan, Sumatra, and in fke 
north f Africa. Native copper is found m Siberia crystallized in cubes* 
The copper pynte^ tuund in Cornwall and upon several parts of the English 
eoHH are sulpburet o( co^Tpcr. Anglesea yields more th<n twenty thousand 
tons of copper annually. The vein of metal is more than 70 feet thick. 
Dr. Biack, vol. ii. 647" See Additional Notes, No. xxxii. 

Nahvr oxides of copper are found in Cornwall and in Sjuth America* 
Carbop.aie of copper occurs as a natural production, and is called am- 
hckite, 

Lof.per mines have not been worked in England above 150 years. Before* 
that lenod, whenever the wt>rkmen met with copper ore in the tin mines of 
Cornwali, they hrew it aside as u-eless no one at that time knowing how to 
rtduce it to a metallic state To chymical science, therefore, we are eiitner 
1y indebted for such an ample supply of this valuable metal. See Additional 
Notes, No. xxxiii. 

^ Cup^)er was the only money used by the Romans till the4S5 year of their 
cit\, when silver began to be coined. In Sweden, houses are covered with 
this metal. 

When miners wish to know whether an ore contains copper, they drop a 
little nitric acid upon it: after a little time they dip a feather into the acid 
end wipe it over the blade of a knife ; and if ttiei-e be the ^malUst quant :y of 
copper in it, the copper will be piecipitated on the knife. Abetter modeor 
ascertaining the fact, perhaps, could not be devised^ 
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Copper is of a red colour, very sonorous* and elasticf , and 
the most ductile of all the metals, except gold. 

Wha is the effect of oxjpn upon copper f 

Copper will in some measure become oxidized by long expo- 
sure to atmospheric air, in which case its surface will be covered 
wkh the green oxide called verdigris^. It is susceptible of two 
degrees of oxidizement}. 

what salts of copper are there P 

There are many salts of copper \ but those most used are^ 
fulphate of copper^, acetate of copperf ; nitrate, muriate, and 

» 

* It is on account of this property that copper as chosen for making 
tmnipets and other musical instruments. 

-f* Copper, on account of its elasticity, is used by rope-dancers, &f. 
A wire i-ioih of an inch diameter will support near 300 pounds. 

Coppei will not burn so easily as iron \ which is evident firom its not atri- 
'^king (ire by collision like iron. On this account this metal has been substi- 
tuted for iron in the machinery which is employed in gunpowder mills. 

Copper does not enter into combustion till it has acquired a heat more thaif 
sufficient to melt it. But if kept in a stream of oxygen gas, it will burn 
with a vivid blue flame. 

Ox'de of copper is soluble in ammonia, and precipitable from its solution. 
by sulphuretted hydrogen. 

X In domestic oeconomy the necessity of keeping copper vessels always 
clean is generally acknowledged ; but it may not perhaps be so generally 
known, that fat and oily substances, and vegetable acids, do not attack 
copper while hot \ and, therefore, that if no liquid be ever suffered to grow 
C9td in copper vessels^ these utensils may be used for every culinary porpott 
with perfect safety. 

( ,C<^per beginning to be oxidized is brown and reddish j a little more 
oxygen renders it blue ; whereas a perfect oxide of this metal is of a bright 
Screen* 

I. Roman vitriolt much used by dyers and in many of the arts, is sulphate 
of copper. Fowling-pieces and tea urns are browned by washing them 
with a solution of this salt. Verdigris is an acetate of copper. Blue fverditer^ 
moch used in staining paper for hanging rooms, is a nitrate of copper combi- 
ned with carbonate q\' lime. The beautiful grass green colour of the shopsy 
called mineral green, is a muriate of copper. The colour known by the name 
of ScbeeWs green is an arseniate of copper. The colour called Bruns<wick 
green is a triple salt, formed with potash, copper, and the tartaric acid. 

Sulphate of copper is frequently found in the streams of water in copper 
mines : these waters were suffered to run to waste, till an attention to chyoii* 
cal afl^nities taught the proprietors of these mines how to turn them to a good 
account. The quantity oiF salt which they contain is not sufficient to reim* 
burse the expense of boiling it down to blue vitriol ; but by throwing waste 
Jron into these waters the salt becomes decomposed, and the copper is precipi- 
tated in a metallic form. This is owing to the sulphuric acid having a 
greater affinity for iron than it has for copper. In the isle of Anglesea this 
principle is turned to an advantageous account. 

% An account of the process of making verdigris at Montpellier may be 
seen m Annales de Chimie, torn. xxv. 305. Mr. Hume, of Long-Acre, 
has pioduced a very useful pigment by the combioatipn of this metal with the 
prussic acid, ^hil. Mag. vol. xx. 141. 
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arseniate of copper, and the tartrate of potash and copper. Be- 
sides these, which are generally formed by art, the carbonate, 
the arseniate, the phosphate, the muriate, and the sulphate of 
copper are found in a native * state. 

jy'iat are the uses of copper f 

The uses of this metal are too various to be enumerated. Be- 
sides its employment to make vessels of capacity, and to sheathe , 
the bottoms of ships, it is alloyed with zinc to make brassf , and 
when combined with sulphuric acid forms Roman vitriol:^. Its 
oxides are employed in enamel painting, and in the manu&cture 
#f several colours. 

What is the origin of iron? 

Iron is plentifully and universally diffused throughout nature. 
It may be detected in plants^ and in animal fluids^^ It is found 
in great masses, and in various states, in the bowels of the 
earth in most parts of the world ||. 

* The ore of copper, called malachite^ is a native carbonate of copper. 
The green sand brought from Pei u is a native muriate of copper. A phos- 
phate of copper, containing 30 per cent, of phosphoric acid, has been found 
near Cologne. The arseniate of Qopper occurs plentifully in the Huel Gar- 
land mine in Cornwall} and sulphate of copper has been found, in some 
mineral waters. 

f Brass is never made with pure zinc, but generally with calamine, 
which is a native oxide, or, rather, carbonate of zinc. Bishop Watson is 
«»f opinion that the oricbalcum of the ancients was the same as our brass. 
Pliny says that the best mirrors were anciently made with a mixture of cop- 
per and tin \ but that in his time those of silver were so common, that they 
were used even by the maid servants. These metallic mirrors were very 
much in request among the ancient nations. The Egyptian women, when- 
ever they went to their temples, carried one of these mirrors in the left 
han 1. A process for separating zinc from brass will be found in Ann. de 
Chtm. toin. xxxviii. 

\ In Older to make Roman vitriol, the copper is first oxidized by the 
following processt Plates of copper are heated red hot in an oven, by which 
means they become qaickly covered with a crust of oxide, which separates as 
the plates coolj for the metal contracts much on cooling, though the oxide 
contracts but little, if at all. 

Oxide of copper is used by the coloured-glass-makers. It forms a beau- 
tiful green glajis. 

Mt . Sa^^e has shown that copper combined with phosphorus acquires the 
hardness of bte^l, is susceptible of the finest polibh, and does not become 
altered in thp air. phil. Mag. vol. xx. p. 159. 

Coppei is used also in making princes-meiai, gun- metal, bell-m^tal, tom- 
bac, and some other mixed inetals. 

^ Irun has been found in metallic grains in strawberries. It is said that 
oak wood when dried contains one-twelfth of its weight of this metal. 

II There is a grea: variety of iron ores (chiefly composed of the oxides of 
iron and clay), which have diifeient names given them by the workmen, and 
a«'e of very diflferent qualities ; for which consult Bergman, Kirwan, and 
others. 

Metallic iron has been found native in Siberia and in Peru \ some of the 
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What is the nature of iron ? 

Iron is soft and ductile*, has a styptic taste, and emits a 
peculiar smell when rubbed« It is attracted by the magnet, and 
has. the property of becoming itself magneticf. It also takes 
jSre by collision with flint. 

French chYinists are of opinion that iron owes its origin to decayed plants 
and mnimafs. See Add. Notes, No. jcxxviii. 

Iron it found in greater abondance than any other metal. In the northern 
puts of the world whole mountains are formed of iron oret and many of these 
ores are magnetic. Of the English ores* the common Lancashire hematite 
prodoces the best iron. See Add. Notes, No. xxxv. 

In the great iron works, the ore, broken into small pieces and mixed with 
Btibecances to promote its fusion, is thrown into the furnace ; ami baskets df 
charcoal «r coaks in due proportion are thrown in alongwith ir. A pan of 
the bottom of the furnace is filled wiih fuel only. This being kindled, 
the blast of the great bellows is directed on it, and soon laisea the whole to 
a most intense heat i this melts the ore immediately above if, and the reduced 
metal drops down through the fuel and collects at the bottom. The rest 
sinks down, to fill up the void left by the consumed fuel and metal ; this, 
in its turn, comes next in the way of the bellows, and is also reduced. More 
ore and fuel are supplied above, and the operation goes on till the melted 
metal at the bottom, increasing in quantity, rises almost to the aperture of 
the blast t It it let out by piercing a hole in the side of the furnace, and then 
forms what are called pigs of cast iron. Dr. Black, vol. ii. 400. 

The rationale of making iron from the ore is well explained by Dr. Thorn* 
Son> in his System of Chymistry, vol. i. 156. See alto an excellent paper 
by Mr. Colliery in the Manchester Memoirs, vol. v. 

* An iron wire, only one-tenth of an inch in diameter, will carry 450 
pounds without breaking. A wire of tempered steel of the. same size will 
carry near 900 pounds. Black. 

Iron is of a livid biueish colour, very hard, and the most elastic of all the 
doetals. Its specific gravity varies from 7.6 to 7.8. 

Iron becomes soft by heat, and has the capability of being nveJded to ano* 
ther piece of iron, both being sufficiently heated, so as to form one entire 
mass. No other metal possesses this singular property, except platina. 
Notwithstanding this, pure iron is nearly infusible. In order to effect the 
fusion of this metal, it is necessary to sui round it with the fuel, and to urge 
the fire to the utmost possible pitch. Crude or pig iion is fused readily c 
hence, it may be cast into any form, and is employed in the fabrication of n 
yast variety of machinery and utensils. 

\ The advantages which we derive from the magnetic property of iron are 
incalculable. To this astonishing property we are indebted for an instru" 
ment— the mari ner*s compash— by which man is enabled to traverse the ocean, 
to open a friendly or commercial intercourse with every quarter of the world, 
and to steer his course towards any particular country with the utmost acv 
curacy and certainty. 

Tall navies benci tfieir doubtful way explore, 
And ev*ry product waft from ev'ry shore ; 
Hence meagre want expelTd, and sanguine strife,, 
For the mild charms of cultivated life. 

BLACKLbcit, 

J^rUSifStf of potash is the usual test for iron., When added to a IlcftmH 
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L iron always used in the state in which it is procured Jhm the 
ore? 

No : iron is employed in three states, viz. that of cast iroii^i 
wrought ironf y and Aed; each of which b of a different qoality^ 
and used for different purposes. 

What constitutes the difference in these three hinds of iron T 

Cast iron is the metal in its first «tate, rendered fusible by th^ 
combination of carbon and oxygen^. Wrought irod differs from 
the former, in being deprived of thb carbon and oxygen by con- 
tinued heat and repeated hammering, which operations render it 
malleable^. Steel is made of wrought iron by-various processes^ 
whereby the metal resumes a small portion of carbon, and ac- 
quires the capacity of receiving different degrees oJF hardiiefi||y' 

which contains iron, it will cause a blae precipitate^ if the iron has its fall 
complement of oxygen $ but if the iron is partially oxidized the precipitate 
will be gray. Succinate of ammonia will precipitate oxide of iron from iti 
solutions. 

^To convert cast into ivrougbt iron, the former is kept in a state of futkm 
for a considerable time, and by repeated stirring m the furnacCi the oxyg^ 
and carbon which it contains form an union, and rise from the mass in the 
state of carbonic acid gas. As the carbon and oxygen thus go off, the irom 
becomes more infusible; it gets thick or stiff in the furnace; and the work- 
men know by this appearance that this is the time to remove it firom the fire, 
and to submit it to the action of the hammer ; by which the remaining im- 
purities are beaten out, and the metal is rendered malleable, ductile, and 
totally infusible. 

f In purch.ising wrought iron, the workmen distinguish two kinds which 
4ire of very inferior value. They are called bot-sbort and coU-sbort iron. 
The former is a fusible m^tal, which possesses ductility when coU^ but il 
very brittle when beated. The cause of this variety is not known. The 
latter kind is very malleable and ductile while bot^ hut utensils made with it 
areas brittle as cast iron when cold. Such iron contains a portion of sideritef 
or phospburet of iron, 

X Cabt iron which breaks of a -wbite colour should be refused, as it con- 
tains a portion of phosphate of iron. 

§ Though iron if. deprived of part of its carbon and rendered malleable by 
hammering, too mucb hammering will deprive it of its malleability. Dr. 
Black is of opinion that this was owing to its lo<;ing part of its latent 
caloric by the operation, and that all metals are malleable in proportion t» 
the matter of heat which they contain in a latent state. Lectures, vol. i» 

P- 139- 

11 Steel contains carbon like cast iron, but is divested of oxygen, which 
is always combined with the latter. 

if a slender rod of wrought iron be plunged into cast iron in fusion, it 
Will absorb part of the carbon and become steel. What is called case* 
hardening is a conversion of the surface of iron into steel. 

Mr. Morveau exposed a diamond to intense heat, shut up in a small cavity 
in apiece of tough iron. When he opened the cavity he found the diamond 
entirely gone, and the iron around it converted into steel. Annales dc 
Chimie, torn. xxxi. 328. This is one proof that the diamond is carbon, 
and show* rhat it is pure carbon, which combines with iron to form ftteel| 
aad nol • which is an oxide of carbon. 
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What is the effect of, oxygen upon iron ? * 

Iron has such an affinity for oxygen, that it will become oxi« 
dized merely by exposure to the air. The oxides of iron are 
found in great plenty ready formed in the *bowels of the earths 
This metal is susceptible of two degrees of oxidizement*. 

What salts of iron are there ? 

Some of the salts of iron, such as the sulphates, the nitrates^ 
the muriates, and the acetates, are of great importance in our 
manufacturesf; besides which, many other salts of this meul 
have been formed. Arseniate, sulphate, phosphate, chromate^ 
\ and tungstate of iron, have all been found native:^. 

i 

Steel may, by repeatedly heating and hammering it, be con?erted \nt6 

>- wrought iron. 

I A treel instrument may be known from one of iron thus : If a drop o£ 
nitric acid be let fall upon it, it will occasion a black, spot if it be steel, but 

\ will not have this effect if it be wrought iron.. The blackness is owing to 
the carbon of the steel acquiring oxygen from the acid, which forms it intu 
charcoal. 

Cast'jteei is manufactured in some parts of this kingdom with ereat 
secrecy; but it is now known that it may be maje i^reiy by fusing it in 
an intense heat with carbonate of lime. Cast stefl Mstains more carbon, 
and 18 more fusible than common steel. 

* There is a black oxide of iron, and a red oxide | ihe latter contains 
nearly twice as much oxygen in a given portion as the former. The scales. 
which are detached from forged iron by a high degree of heat, "tnd which Dr« 
Priestlev employed in sevetal of his last experiments in America under the: 
name w finery cinder^ are in the state of the former. The iron contained 
in martial pyrites is in the state of an oxide combined with sulphur. Tha 
super- sulphuret of iron in this mineral is converted into sulphate of iron at 
the great copperas works* by exposing the pyrites to the air and rain for 
several months* in large beds prepared for the purpose. The sulphur de- 
composes the water which failb upon the beds* and is itself converted thereby 
into sulphuric acid* which combining with the iron forms the salt in ques- 
tion. This is afterwards extracted from the mass by lixiviation and crystal 

^ lization. This process is carried on upon a large scale at Deptford, near 
London, where the united acidifying powers of air and water are exempli- 
fied in the great* well worth the notice of those who delight in prying intp 
the secrets of nature. 

Besides the above* Vauquelin has lately discovered a blue oxide of iron. 
See Additional Notes, No. xl. 

' The common hematite contains the black oxide; iron rust is the red 

\ oxide* combined with carbonic acid. 

[ f Greem vitriol^ which is of so much use in dyeing* in making hats* and 

[ in other manufactures* is a sulphate of iron, formed* as has already been de- 
scribed* by the decomposition of martial pyrites. The nitrates* muriates* 
and acetates of iron* are formed by art for the use of calico printers, who 
consume great quantities of these salts in a state of solution, 

{ The native arseniate of iron is found in Cornwall i native sulphate of 
iron occurs frequently with pyrites j phosphate of iron ready formed occurs 
frequently in bc^s— it is called native Prussian blue \ chromate of iron has 
bet|t found in France and in Siberia \ and tungstate tf iron exists native in a 

27 
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Jf%at are the uses of iron? 

The uses ^i iron are innumerable ; every tlung we possess is 
manufactured by its means ; it is the most useful substance in the 
world'^. When converted into steel it is employed in various 
ways, especially in making edge-tools» from the ponderous pit- 
saw to the finest lancet f. Its oxides are used 4n paintings .ena« 
melling, dyeing, and in medicine. 

miner.U found in Britain and elsewhere, called wolfram. The sparry iron ore 
Is a carbonate of iron. 

Carbonate of iron is commonly foiind in solution in chalybeate waters : 
such waters may be known by the dark orange-coloured film which generally 
appears upon their surface. iThe oxide of iron is rendered soluble by its 
union with carbonic acid. This may be shown by adding a few grains of 
quick- liine to a small quantity of such wa^er; the lime will combine with 
the carbonic acid» the yellow colour will disappear, and the oxide of iron 
Will be precipitated. 

Besides the above, earburet of iron (usually called black lead) is found 
in several parts of the world. * A combination of iron and silex also occurs 
native, and forms what is called emery ; a substance very useful in the arts* 
It if. employed by lapidaries, and by glass-cutters in cutting glass aiid stop- 
pering bottles for chymical and other purposes. 

Iron was in use in the time of Moses. Deut. iv. so. viii. 9. and xviii. 5. 
The Gre^rks tinderstood the method of tempering it. Homer describes the 
fire-brand dropt i«to the eye of Polyphemus as biasing like hot iron im- 
mersed in water. 

* The propei ty of tveldiag^ which^ except platina, no other metal possesseSi 
renders iron the most suitable of all others for every common purpose. It 
becwraes soft by heat, and thus may be moulded by the hammer into any 
form> and united in as many parts as the workman pleases^ without rivets 
or solder, 

Fuurcroy says, iron is the only metal which is not noxious, and whose 
effects are not to be feared. Indeed, its effects on the animal economy are 
beneficial. For a detailed account of its various and important uses in 
medicine, consult Fourcroy^s Elements, Thomson*s edition, vol. ii» 4664 
and following pages. 

The ancients had an idea that iron was poisonous, and that wounds made 
with iron instruments healed with difficulty. Hence, after the expulsion of 
tlie Tirquins, Porsenna stipulated with the Romans that they should not use 
iron except in agriculture. 

f The excellence of the edge-tools depends upon the temper given to them 
by heat. This requires great skill and peculiar management. A valuabib 
report on the art of making fine cutlery may be seen in Nicholson^s Journali 
4to. vol. iv. 127. 

Sulphate of iron is not only used by the hatters and dyers, but also in 
making ink, in the manufacture of Prussian blue, in preparing leather, and 
in forming colcothar for paimers. Colcothar is nothing more than sulphate 
of iron caicined to redness, it not only makes an useful pigment, but is 
employed in polishing different kinds of metals. It is from the iron which 
it contains that a piece of an old hat is useful for the same purpose* The 
oxide of iron imparts its colour to a great variety of >natural substances. It 
is the cause of the redness of common bricks ; it gives colour to the corne- 
lian, the oriental ruby, the garnet, and other precious stones. With different 
proportions of oxygen it imparts other and different colours. Thus it gives 
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Wbfre is tin procured*? 

Tin is found in Germany, in Saxony, and in the-East Indies; 
but in England it is chiefly procured from Comwallf and De- 
vonshire. 

Wtbat is the nature of tin ? 

Tin is a white metaU of little elasticity, and but little taste. 
It is the lightest^ of all the metals, and so exceedingly soft and 
ductile that it may be beaten out into leaves thinner than paper. 

What is the effect of oxygen upon tin f 

Tin is susceptible of two degrees of oxidizement, forming the 
yellow^ and the white oxide ; one of which contains 20, the 
other 28 per cent, of oxygen. 

What salts of tin are there ? 

The muriate, the nitrate, the nitro-muriate, and the sulphate 
of tin are most known \ but many other salts may be formed 
with this metaL None of the salts of tin have been found native. 

the blue to the lapis lazuli, the yellow to the topas, &c. See Add. Notes. 
No. xl. 

* Tin must have been known very early, as it it mentioned in the books 
of Moses. The edge tools of the ancients, and their coins, were made with 
mixtures of copper and this metal. 

Tin is found only in the primitive mountains. Tin ores occur most fre- 
quently in granite, but never in limestone. About 3000 tons weight uf tin 
Vt furnished annually in Cornwall. Sulphuret of tin and the brown oxide 
of tin are often found in the same county. See Add. Notes, No. xxx. 

*f According to Aristotle, the tin mines of Coinwall wcrre knuwn and 
worked in his time. Diodorus Siculus, who wrote about forty years before 
Christ, gives an account of the method of wi^rking these mnes t he says 
that their produce was conveyed to Gaul, and from thence to diiferent parts 
of Italy. The miners of Cornwall were ^o celebrated for their knowledge 
of working metals, that about the middle of the seventeenth century the 
renowned Becher, a physician of Spire, and tutor of Stahl, came over to 
this country on purpose to visit them \ and it is reported of him that, when 
he had seen them, he exclaimed, that *< he who was a teacher at home, was 
a learner when he came there.'* 

X The specific gravity of tin is 7.291, or about 516 pounds to the cubic 
foot I though the lightest of all metals except tellurium, it is much heavier 
than earths or stones. 

7in is much more combustible than many of the metals. It will burn in 
oxygen gas before itacqu:re!i a heat sufficient tu fuse it. 

Tin is soluble in all the mineral acids. It may be precipitated from its so* 
Itttion by pota8h } but an exce>s of potash will re-dissoive ihe meial. Nitro- 
muriate of gold is a test for the presence of tin in solution, forming a fine 
purple precipit.ite. 

\ Ttia yelio<w oxide of tin may be procured by dissolving granulated tin 
in very dtlutemtric acid, and precipitating ji from the solution by an alkali. 
The 'wbite oxide may be prepared by pouring very strong mtric acid on gra- 
nulated tin. The metal in this case will not dissolve, but ^itl Ht fviund at 
the bottom of the vessel in a pulverulent form. The liquor may be poured^ 
from it| and (he oxide will pnly require to be washed for use* 
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What are the uses of tin ? 

Tin is consumed in large quantities by the dyers^; it is used also 
for covering sheet iron to prevent its rustingf, and in formiag 
plumbers' solder, and pewter. Its oxides are used in polishing 
glass, in glazing some kinds of earthen ware \ and for various 
other purposes:}:. 

What is the use of tin to the dyers ? 

Tin is employed by the dyers to give a brightness to cochineal, 
archil) and other articles used in forming reds and scarlets, and to 
precipitate the colouring matter of other dyes ; for which puiposes 
it is previously dissolved in a peculiar kind of aqua-fortis, called 
dyi^f^s spirit§. 

What is the nature of lead P 

Lead is a heavy metal, of a pale lived white colour ; slightly 
sonorous, aqd has scarcely any taste y but emits a peculiar smeU 

The oxide of tin found in commerce is called putty. It is employed in 
polishing fine steel goods, ^nd the best kinds of ornamental glass. 

The *wbite, oxide of tin is tised to form the opake kind of glass, calle4 
enamel. This is made by calcining iQO parts of lead and 30 parts of tin in a 
furnace, and then fluxing these oxides with -loo parts of Eaod, and ao of 
potash.' But lam of opinion that soda would answer the purpose better 
than potash. To this enamel every kind of coloyr may b^giyenby metal- 
lic oxides. 

Tin by misans of the muriatic acid decomppses water, and becomes oxidi- 
zed thereby whei[) theiniiriatic acid dissolves it, and forms muriate of tin* 
A soiution of this metallic salt has a great affinity for oxygen. It de-oxy- 
genizes a soiution of indigo in an instant, and changes it from blue to green. 
* Tin is used in forming boilers for the use of dyers, worms for retctU 
fiers** stills, and for many other utensils employed in th^ arts. 

f The consumption of tin for covering thm rolled iron, and forming what 
are improperly called sheets of tin^ is very copsid^rable : besides this, tin it 
used for coating the inside of iron and copper utensils, brass and iron pi.ns> 
Sec, For the method of doing this, consult Additional Notes, No xx]^. pv 
Gren's Principles of Chymistry. 

The use of tin was known to the Grecians. Hon[ier mentions it in the. 
Iliad. Pliny says, the Ramans learnt the method of tinning their culinary 
vessels from the Gaqls. They used tin also to alloy copper for the pur* 
pose of making these elastic plates which they employed in shooting darts 
from their warlike machines. 

Tin is employed to form beU. metal, the metal of w^ich cannons are castj^ 
and bronze. The addition of tin renders copper niore fluid, and disposes 
it to assunie all the impressions of the mould. 

X A combination of' the white oxide of tin with sulphurby mean^ of mer- 
cury, forms aurum musiifum (mosaic gold), an article used by artists to 
give a beautiful colour to bronze. I suspect that the change produced in tin 
by this process gave rise to the idea of the transmutation of metals. If the 
alchemists were acquainted with this substance, no wonder that they should 
indulge the hope of being able to form gold. An experimentalist without 
theory is the dupe of every illusion. 

§ Several of the colouting substances which produced to the ancients o^Iy 
faint and fleeting colours, give us ^vcb as' are brilliant and durable by tlie. 
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on friction. It has little elasticity, and yields readily to the ham- 
mer, being the softest of all metals. A small portion of silver* 
is generally combined with it, and sometimes mercury. 

Where is lead procured ? 

Lead ore is found in great abundance in Scotland, in Derby- 
shire, and many other parts of the worldf . 

use of this metallic solution; though a considerable degree of nicety and 
judgment is requisite for its preparation ; so much so, that there are many 
large dyers who can seldom prepare it so well as those who make it an article 
of trade, and are fully acquainted with its chymical properties and effects. 
The difficulty is in a great measure ow'mg to the nature of the spirit they 
use \ as those makers of aqua^fortis who know nothing of chymical affini- 
ties, or of the nature and operation of this invaluable mordant, often fur- 
nish them with an article which is unfit for their use. Few arts have re- 
ceived such improvements from chymistry as the art of dyeing; for even 
cochineal gave but a dull kind of crimson^xW a chymist of the name of Kuster, 
about the middle of the seventeenth century, discovered the use of solution 
of tin, and the pne^n^of preparing with it and cochineal a durable and beau • 
\\\v\ scarlets 

* Lead may be mixed with gold and silver in a moderate heat, but when 
the heat is much incres^sed the lead rises to the surface combined with all he- 
terogeneous matters. The ^rt of defining the precious metals is built upon 
this property of lead. 

Lead, when dissolved in acidsy has the property of imparting a saccharine 
taste to substances with which it ipay be mixed. The ancients knew that 
this met^l rendered harsh wine milder> but did not suppose that it was poi- 
sonous. According to Pliny, the Greeks and Romans proved the quality of 
their wines by dipping a plate of lead in them. Btckmann*s History of In- 
ventionsy vol. i. 398, 4^0. I have a treatise on the management of winesy 
printed so lately as 1783, which directs the use of lead in order to preserve 
them from acidity. How much is the present age indebted to chymical sci> 
ence, which instructs us respecting the properties of different substances I 
Probably some of our wine-merchants, in consequence of this direction, 
may have conuminated their wines with lead, without suspecting that they 
were distribi^ting a slow poison to their customers. For the effects of lead on 
the aniipal systeni, consult a late work by Dr. Lambe, on the Nature of 
Spring Water. See Additional Notes, No. xxxi. 

•f* Lead-ore is generally found in veins, both ip siliceous and calcareous 
rocks. Galena, or sulphuret of lead, is very common botfi in masses and 
crystallized. Lead is also found combined with silver, antimony, sulphur 
and bismuth. Oxides of lead combined with various earths also occur in 
mining countries. Lead ochre is a native oxide of lead. 

Lead was in common use among the ancients. The Romans sheathed the 
bottoms of their ships with sheet lead, fastened on by nails made with 
bronze. During the first century, lead at Rome was twenty- four times as 
dear as it is now in Europe ; whereas tin was only eight times its present 
price. 

Lead, in the state of ceruse, was in great request among the Roman ladies 
as a cosmetic. Plautus introduces a waiting- woman refusing to give her 
mistress either ceruse or rouge, because forsooth, in the true spirit of a 
flattering Abigail, she thought her quite handsome enough without them, 
^atson. 



Whmt is tlje effect of oxygen upon lead? 

Lead is susceptible of four different degrees of oxidizeoienti 
producing four oxides of different colours \ viz* the gray, the 
white, the red*, and the brown oxidef • 

What salts of lead are there ? 
^ The salts of lead are very numerous ; but the muriatei suU 
phate, earbonatej and acetate of leadj: are those most known. 
The carbonate, murio-carbonate, sulphate, phosphate, molyb* 
date, arsetiiate, and chromate of lead are native productions } 
though they may be formed by art. 

What are the uses of lead ? 

Lead is employed to cover buildings, to form water-pipes, to 
make a great variety of vessels for oeconomical and chymical pur- 
poses§ ; also in refining gold and silver||. Its oxides are used for 

The lead-ores which are found in the primitive slate mountains contain 
much Silver, generally 8 or 9 per cent. 

* If a portion of lead i>e melted in an iron ladle, a scum wMl quickly ap- 
pear upon its surface ; if this be removed, another will immediately arise; 
and in this manner the whole of the lead may be converted into a gray pell.cle 
which is \\itgray oxide of lead. If this gray oxide be exposed to a low red 
heat in a reverberatory furnace, it will acquire a further dose of oxygen, and 
be converted mto yellow massicot ; and it the heat be continued it will at 
length be ch^^nged to the red oxide of lead. 

f If nitric acid of the specific gravity \ 260 be poured upon the red oxide 
of lead, 185 parts of the oxide are dissolved; but 15 parts remain in the 
state of a deep brown, or brilliant flea- brown powder. This is the ^0<wff 
oxide of lead, containing 11 percent, of oxygen. 

.Lead may be converted into an oxide by heating it in a situation where it 
can h tve free access of atmospheric air. All the oxides of lead may be re- 
duced to metallic lead by heating them with a mixtoreof tallow and charcoalj^ 
or any substance that will absorb the oxygen. This may readily be shown by 
placing a few grains of red lead upon a piece of charcoal, and fusing it with 
a blow pipe. Even the oxide of lead which is combined with flint-glass may 
he revived by melting the glass with any carbonaceous substance. 

Fourcroy says, that all the oxides of lead have the property of absorbing 
carbonic acid from the atmosphere \ and that if an oxide of lead be required in 
a state of ^lurity, it ought to be defended from the access ol air. 

X Nitrate of lead, according 10 Mr. Hume,,^ should alway;: be preferred as 
a test to the acetate, which is liable to give false results. Phil. Mag. 

Leadfoimsan insoluble compound with sulphuric acid Heiice sulphuric 
acid is sometimes used to detect the presence of lead ; but the best te>t is 
Harrowgate. water. To the suspected water add a little of this mineral 
water ; and if lead be present it will give it a dark brown, or blackish tinge. 
For a method of detecting the piesence of lead in wines see Additional Nott8« 
No. xxxi. 

§ Sheet lead is made by suffering the melted metal to run out of a box 
through a long horizontal slit in its bottom, while the box is diawn by ap- 
propriate ropes and pulleys along the table, leaving the melted lead behind 
it in the desired form to congeal. 

There is a considerable consumption of lead in making shot. See Add* 
Note>-, No. XXVI. 

jl Litharge of lead is often used in the analysis of the ores of what are 
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dyeing and calico»printing \ in the manu&ctures of glt^*, earthen 
ware^ and porcelainf ; and in the preparation of Tarious pig* 
ments. 

What is tie nature of nickel ? 

Nickel is a fine white metal, ductile and malleable, but of 
difficult fusion !• Its specific gravity is 9. It is attracted by 
the magnet $, and has itself the property of attracting iron [|. 

How is nickel procured ? 

Nickel is found in several parts of Germany in an ore very 
similar to that of copper. It is also often found vrith cobalt ; 
but the nickel of commerce is always impure^f. 

What is the effect of oxygen upon nickel? 

If nickel be exposed to atmospheric air in an intense heat, it is 

called the perfect mctaU. It has the property of combining with all the me- 
tallic oxidesy and of preventing their evaporation during .the cupellation ) 
while it separates them from those metals which do not become oxidized by 
heat only. 

* Lead is used in making glass, in order to give a proper degree of weight 
to the glass* and a susceptibility of its being cut without breaking. 

\ The oxides of lead and tin were employed by the ancient Romans in the 
manufacture of earthen ware, &c. 

The oxides of lead dissolved in various menstrua are used as embroca* 
tions» and for several other preparations, by the practitioners of medicine. 

\ M. Richter has lately been occupied in a series of experimtnts upon 
nickel* He has fodnd that thi» metal in its pure state is veiy malleable, 
nearly as brilliant as silver, and more attractable by the loadstone than iron. 
It is generally combined with copper; hut he has found a method of f<evtng 
it from that metaK He says, that when pure it is not liable to be altered by 
the atmosphere $ that it is perfectly ductile, and has great tenacity. Its 
specific gravity when forged is 8.666. 

\ Many chymists have imagined that nickel and cobalt are magnetic only 
10 consequence of a portion of iron which they contain } but in a paper in 
Niebolson^s Journal, 8vo. vol. iii. s86. Mr. Chenevix has shown, that 
^diese metals are really nia..'.netic ; and that when they appear to be destitute 
tf this property> areenic is combined with them. 

I As nickel always contains iiun, the iron dii^guifes its properties, and 
prevents its nature being exactly known. This metal dissolves readily in 
seTeral of the acids, and communicates' to ihem a green colour \ but sulphuric 
acid acts very slowly upon it, even wuh the assistance of heat. Nitric acid 
dissolves it more readily. 

% The most abundant ore of this metal is a sulphuret of nickel, called 
fmpfirmekelt which is generally a compound of nickel, arsenic, and sulphu- 
ftt of iron. 

It is a curious circumstance, that all the specimens that have been exa- 
mined of the stones which have been to said fall from the atmosphere contain 
iron alloyed with nickel. These stones, which have at (\>fFerent pei'ods 
been seen to fall on every quarter of the earth, are supposed by many to be 
cast from a volcano in the moon. So lately as 1803 a shower of them 
fell in Normandy, which covered an extent of three qu 'rteis of a lei^gue 
long, and half a league broad. Several dissertations on this curious subject 
tiay be seen in the latter volumes of the Philosophical Magazine. 
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slowly oxidized^ and then acquires an increase in weight of 33 
per cent. We are acquainted with only one oxide of this 
metal*. 

What salts ofnicle! are there ? 

Numerous salts have been formed with nickel, but none of 
them have hitherto been brought into any use. An arseniate of 
nickel has been found native f. 

What are the uses of nickel? 

Nickel is employed by the Chinese in making their white cop- 
per, which is a beautiful metallic compound ; but it has not been 
much used in Europe, although it may be had in considerable 
quantities^:. 

Whai IS the nature of zinc ? 

Zinc is a very combustible $ metal, possessing but a small degree 
of nialleability II and ductility, except under certain circum* 

* 

* Oxide of nickel is found in combination with some stones ; the oxide 
may be dissolved in a solution of ammonia, and is not precipitated by sul- 
phuretted hydrogen • 

According to M. Richtet*, the oxides of purified nickel are of a much 
more lively green colour than the ordinary oxides ; and their solution in am- 
monia is of a pale blue colour. ** 

The oxide of nickel is said to afford the French manufacturers of porce- 
lain a very delicate grass green ; and. like other metallic colours, bears the 
intense heat of their ovens without injury. 

t For a description of this native salt, consult vol. ii. of Kirwan*s Mine« 
ralogy. 

X I have not heard that any use has been made of this metal in England. 
The Chinese use it in conjunction with copper and zinc for making chil- 
dren's toys. They have some method, unknown to us of combining these 
metals. 

According to Proust, nickel, in a certain' proportion, gives a degree of 
'whiteness to iron, diminishes its disposition to rust, and adds to its ductility* 

The valuable qualities which M. Richter has discovered in thi» metal, 
show that it might be applied to many important uses, particularly for surgi- 
cal in: truments, compass -needles, and other such articles, as it is not liable 
to rust. Should an easy mode of working it ever be discovered, we may • 
possibly find this to be better calculated for « variety of purposes than any 
ether metal. 

§ Zinc is so very combustible, that if beaten out into thin leaves it will 
take Hre from the flame of a common taper. It is the most combustible 
metal we have. It has so strong an attraction for oxygen that it will de- 
compose water without the assistance of heat. Excepting manganese, it 
has the strongest afHnity for oxygen of all the metals. 

II Messrs, Hobson and Sylvester, of Sheffield, have discovered, that at a 
temperature between 210^ and 300^ of Fahrenheit, zinc is really a malleable 
metal ; that it yields to the hammer, and may be wire-drawn if kept at this 
temperatuie during the operation. They say, moreover, that after having 
been thus annealed nnd wrought, it continues soft, flexible and extensible, 
and docs not return to its partia^bnttleness, but may be bended and applied 
to many uses for which zinc has hitherto been thought unfit. If so, this is 
:^n important disccvery^ and in futurt there will be no impediment to Mi 



stances*. When brokeni it appears of a ihining blueish white | 
tnd #hen exposed to the air, it becomes covered with a pellicle 
which reflects various colours, in consequence of its affinity for 
oxygen and carbonic acid. 
' How is ziP^ procured i? 

Zinc, generally called by but* artists ^pelter^jA not found nativef , 
but is extracted in England and elsewhere from calamine and 
other ores, by distillation^. 

W^hat is the effect of oxygen upon zinc f 

2inc is readily oxidized by heat. When it acquires ^ white 
heat the whole sublimes ; hence its oxide acquired the name of 
floivers of zinc. It may also be oxidized by acids. We are ac- 
quainted with two oxides of this metal, viz. the yellow and the 
white oxide. 

W'hai salts of zinc are there f 

» 

being formed into vesgeis of capacity, and into uttnsiU for farious ttAfiVi* 
factories ; sheathing fur shipt^ bottoms, &c. 

. * The nature of zinc is such, that it seems to form the link between the 
lirittie and the malleabie metals. It is difficult to procuie it in small par- 
ticles, as the hammer flattens it instead of reducing it to powders Macquer 
aajrs, that if it be heated very hot, it becomes brittle, and may then be pul- 
verized. 

f Some mineralogists consider zinc to be the most abundant metal in na* 
tvre^ excepting iron. Calamine, or lapis caiarainarib, is found both hi 
mafsea and in a crystallized state, and is generally combined with a large 
ponion of silex. Calamine is 2l nati*ui oxidt oi zinc, comb' ned with car- 
•onic acid. Zinc is found also in an ore called btend. In this state it ia 
mineralized by sulphur. Workmen call it Black-jack— a mineral employed 
till lately in Wales for mending the roads. 

In China there is great abundance of zinc t-«^it is used in that country for 
current coin, and is employed for that purpose in the utmost purity. These 
coins have frequently Tartar characters on one side and Chmese characters on 
the other. They have generally a square hole in the centre, that they may be 
the more readily counted and carried on strings. 

{ Metallic zinc is procured from calamine by distillation per desansumm 
T|ie. calamine is pounded, and with powdered charcoal put into large pots, 
and these pots put into a furnace like a common oven. These pots have tubes 
fixed in their bottoms, which pass through the bottom of the furnace into a 
vestei of water. After the tops of the pots are covered, and rammed 
^osc with clay, a strong fire is made around them, so that the metallic 
ainc» being separated from the ore, and being of a volatile nature, is forced 
to lise to the upper entrance of the tubes, and thence passes downwards into 

the water. 

Ip order to analyse the ores of zinC) it is necessary to operate upon them 

•in retorts, and to collect the distilled metal in close receivers; for, if reduced 

•in a common furnace, the greater part of the produeefwould be dissipated by 

tiil>|lination. The same attention is necessary when operating upon arsenic. 

itiiic may be known by dissolving it in a mineral' acid, and then adding 

•nuttonia, which precipitates it of a white colour, and re -dissolves it in- 

Mii^y. Sulphuretted hydrogen added to a solution of this metal prudnccs a 

wlute and lasting precipitate. 

^8 , 
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A gt09,t ntimber* of salts have been formed with this metal} 
iHit the carbonate and the sulphate of zincf are most knqwBi 
both of which are found qative. 

Jf^hat are the uses of zincF 

Zinc is not only the base of white vitriol, but is combined with 
copper or tin, in various proportions^ to form factitious metaisi^t 
it is ai$o used in medicine ; and may be advantageously aubsti* 
tuted for white lead in house-painting§. 

What is the nature of antimony ? 

Antimonyll is a brilliant brittle metal, of a dusky white colour^ 
mad destitute of ductility. Though seemingly hard^ it may be 
ent with a knife without mttoh di^cultyf ^ 

^ Zinc has so great an affinity for oxygen, and its salts are so permanefit^ 
that none of the mttals, except manganese will {Precipitate it from its Solu- 
tions m a metallic form. 

\ fVbite 'vitriol y or sulphate of zinc, is usually formed in Gertoany frofn 
an ore called blendei which iS a sulphuret of ainc. By th« agency q\ firs 
and the access uf atmospheric air, the sulphoi is converted into sulphuric 
acid, and hy hieans of proper evaporation and cooling the salt is obtained ifl 
a crystallized m<ss. Sulphate of zinc occurs also in some mineral waters. 

Acetate uf zinc has been recommended by Mr. Henry to be applied tn caiei 
of inflammatioh. This salt is easily formed by dissolving iflowcrs of ainc 
in acetic acid. 

{ Three parts of copper, and one of calamilie or native carbonate of xinc^ 
constitute hrass j five or six of cupper and one of zinc form ^nebbeth 
Tombac has HtiU more copper, and is of a deeper red than pinchbeck* 
Prince* s-metal\% a simitar compound, excepting that it contains more zinc 
than either of the former. A mixture of tin and copper with zinc forms 
hronxe. Vessels of bronze, coVered with silvei , were dug out of Hercuia* 
neum. In order to m\}iit brass ^ the calamine is previously roasted ; kit 
then mixed whh charcoal and grain copper, and put into ku'ge Crucibles^ 
which are kept for a considerable time in a heat that will not melt the top- 

rr ; after at tittie, the heat fS raised so as to fuse it, and the compouikl metal 
run into ingots. 

§ See Annale^ de Chimie, No^ ciii. 

Zinc, in fine ftiih'gsi is used to mix with gunpowder, to produce those 
brilliant staisand Hpangles which are seen in the best artificial fire-Works. 

Zinc is generally one of the metals employed to form Galvanic batteries^ 

An amalgam of zinc is used to rub upon the cushions of electrical ma> 
chines. It is very conveniently amalgamated, by melting it in a bowl of i. 
tobacco-ptpe^ and pouring' it While hot into the mercury. I have amalga- 
matized bi>muthand other metals, but never found one of theiii to answer for 
electrical purposes equal to zinC, or an amalgam made with a mijtture of tiff 
and zinc. 

II According to Bergman, the specific gravity of antimony it 6.86. It 
this metal be ground fine, and thrown into a dry glass jar fillca with oxyge^ 
. aized muriatic acid,- it will infbme immediately, and continue to burn with 
great rapidity and with a briHtant white flame. The combustion afFoids a 
beautiful iipectacle. It also fuluiinatet by percussion with oxygenized 
IJBuriate of potash. 

% Antimony may be known from bismuth thus s— •Bismuth is very aoMh 
In nitric acid, but antimony dissolves in it with tbfBculty« 



9b^. 10.} VETIXA 91^ 

How if antimony procured i 

Antimony is procured from an ore which it chiefly found in 
Hungary and Norway*. 

fFiat are the effects ofoxgm upon this metatf 

Antimony is susceptible of two degrees of oxidizement ; the 
aiie oxide containing 18}, the other 29 per cent, of oxygenf. 

What salts of antimony are there ? 

Many different $alts have been formed with the oxides of this 
metal; but those most known are tlie muriate of antimony^, 
tlie phosphate of lime and autimonyf, and the tartrate of potash 
and antimony 11* The first has been found native. 

What are the uses of antimony? 

Antimony is combined with other metals in making printer's 
types and specula for telescopes. Its oxides are employed in 
pedicinelf, ^nd ii^ colouring glass* In times of remote ^nticjuit j 



* There ar9 $evera| ores of antimony, hot th« gray ittb« only one which ii- 
fpond in ttifllcient quantity for the manufacturer; it is a sulphuret uf anti* 
IBony. This are is purified by exposuie to a strong heat in a reverberatory 
farna:e. By this piocess, the pure sulphuret runt from the earthy matter t 
tbi« is afterwarcis remelted, and cast into cakes for sale. This sulphuret 
may he divested of nejirly all its sulphur by long roasting, leaving the metal 
10 the state almost of ^a pure oxide. 

Native antimony, s^lloyed with a small portion of silver and iron, has been 
found in Sweden. 

jh It was formerly supposed that antimony was capable of forming six 
different oj(ides ; but Proust has flhown that it is susceptible only of two 
f^rreet of oxidizement. 

If oxide of antimony be precipitated by water from nitro-rouriatic acid^ 
the precipitate will be white j but if it be precipitated by a clear solution of 
galls, the precipitate takes a light yellow. 

Some solutions of the oxides of this metal are very powerful and even 
poisonous when taken internally, except in very small quantities. See p. xviii. 

X Muriate of antimony is the common butter of antimony of the Khops* 
The whitfs oxide of anumony, called the ponvder of Algorotb^ is prepared 
from a solution of this saltt Muriate of antimony has been found native in 
j^hemia. 

% The well-known medicine called Jamet*s ponjuder is a phosphate of lime 
and antimony. It is a triple salt in the form of a whit^ powder. For a me- 
thod of preparing it, consult Phil. Mag. vol. xi. 

I Emetic tartar is a tartrate of potash and antimony, composed of about 56 
jtarts tartrate of antimony, 36 tartrate of ppta^^h, and S of water. 

^ Perhaps we have no metal moie valuable as a medicine than anti- 
mony, or that is applied in such various ways. For particulars, consult the 
iitw Edinburgh Dispensatory ,^by Pr. Duncan, jun. 

f^ermei mineralf and what was called golden sulphur of antimony, are 
both ftrom the Hiiiphuret of this metal, by means of potash. The first too|p 
its name from its resemblance in colour to the kermes insect used in dyeing. 
The sulphuret, and some other preparations of antimony, are given to horses 
and cattle more than any uthtr medicines. They act as alterativesi and ai^ 
jHogpslljr te l;^ defcodcd m^^oh iqt th? cfrti^tj 91 their effects. 




it was used by fealales as a black pigment for staining the eye- 
lashes. 

What is the nature * of bismuth? 

Bismuth is of a yellowish white colour, of a lamellated texture, 
and moderately hard) but malleable. It is so brittle that it 
breaks readily under the hammer, and may be reduced even ta 
powderf. 

How is bismuth procured ? 

Bismuth is generally found with cobalt in the cobaltic ores of 
Saxony and England. Native bismuth and sulphuret of bismuth 
are also found upon the continent } but it is not an abundant 
metal. 

What is the effect of oxygen upon bismuth ^ 

Bismuth oxidizes gradually by fusion in atmospheric air. It 
is susceptible of two degrees of oxidizement:^* 

What salts are there of bismuth ? , ^'^ . 

Several salts of ^bismuth have been formed, but their proper- 
ties have not been much ' examined by chy mists. Those most 
known are the nitrate§ and the muriate of bismuth||. The 
salts of this metal are nqt found native; 

* If water he added to a solution of bismuth in nitric acid, the oxide ifiall be 
precipitated of a ipure nvhite colour j but if a Htjle tincture of galls be p( uredf 
into a similar solution^ a broivn precipitate will be produced. This is tbt 
distinctive characteristic of this metal. 

f Bismuth has the singulat property of expanding as it coots. Hencea 
probably, its use in the metallic composition for printers^ types ; as from chit 
expansive property 3re obtained the most perfect infipressions of the moulds 
in which the letters are cast. In manufactories this metal is known to the 
workmen by the name'of tin gtast^ 

Bi>^muth is one of the metals that will inflame when thrown into oxyge« 
nized muriatic acid. 

■ I Pearl'ivhite is an oxide of this metal. Ladies use it for painting the 
ftkin, to which it imparts a beautiful white; but it has the inconvenience of 
becoming black by the contact of sulphuretted hydrogen ^as, or the fumes of 
fetid substances. The gas which "arifies from the burning of mineral coal 
will have the sanie effect. It is related of a lady of fashion, who had in- 
cautiously sealed herself too near the fire at a quadrille table, that her 
countenance changed on a sudden from a delicate white to a dark tawny, aa 
though by magie. The surprise and confusion of the whole party had such 
an effect upoii the disfigured fair-one, that she was actually dying with ap- 
prehenlion, when the physician dispelled their fears, by informing his patient 
that nothing more was necessary than for her to wash her face, to abstain 
from the use of mineral cosmetics, and to trust hi future tQ those cbarroa 
which nature had bestowed upon her. 

Some of the French chymlsts recommend the use of the oxides of biemuth 
for dyemg, to fix some particular colours. Pomatum prepared with the ox- 
ide of bismuth turns the hair black. 

€ Nitrate of bismurh does not dissolve in water like other metallic talti* 
"^oarts a white colour to thc ^^vate^ ; hence, thi$ metal is readily distin* 
fr^m mopt others, 

! butter of biQmoih of the oldpharmacopcBias was the nrariato of thtt 
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( What an the uses ef bismuth T 

Bisnuth is used with other metals to form printers' types, and 
to make pewter*. Most metals become more fusible by an 
union with bismuth: hence, this metal is employed to make 
solder. Bismuth is likewise given in medicine^ though now very 
rarely. 

What is the naturef of arsenic f 

Arsenic, in a natural state, has more the appearance of a salt 
than a netal, being generally found in combination with acids:}:, 
sulphur, or oxygen$. When reduced to its pure metallic state, 
it is a brittle brilliant metal, of a blueish white colour, easily 
tarnishing, that is oxidizing, by exposure to the air||. In all 
states it is poisonous f . 

Where is arsenic found ? 

Arsenic is found iui^hemiai Hungary, Saxony, and other 

Magistery of bismuth, as tt was formerly called, or pearl-white, it a pure 
oxide, prepared by precipitation from the solution of b-'trate of bjsmuth i it 
is obtained by pouring nitrate of bismuth into plenty of water, in which the 
oxide will subside. This must be well washed for use. 

* The common mixture hv penvter it iii pounds of tin, 15 pounds of 
lead, and 6 pounds of brast; but many manufacturer! use also bismuth and 
antimony in that factitious metal. Bismuth is likewise generally mixed with 
tin for vessels of capacity, &c. as it gives to that metal a greater degree of 
brilliancy and hardness. 

If t parts of bismuth, 5 of lead, and 3 of tin be melted together, the mix- 
ed metal will fuse at a heat no greater than 112^. Tea-spoons made with 
this alloy are told in London, to surprise those who are unacquainted with 
its nature. They have the appearance of common tea-spoons, but melt as 
soon as they are put into hot tea. A composition of lead, sine, and bis* 
math in equgl parts, will melt with so small a portion of caloric, that it 
may be kept in fusion upon paper over a lamp. 

t Arsen c may be known by the smell of garlic, and by the white fumes 
which it exhalei when thrown on a piece of red hot coal. 

\ Mitrate of arsenic will precipitate the salts of copper of a beautiful green 
eolour. This precipjitate is exactly the same as the native arsenitte of copper 
fband in the mines of Cornwall. 

^ The oxides bf arsenic in s.ilution are discovered by sulphuretted hydro. 
gen, which produces a yellow-coloured precipitate. This precipitate is the 
lan^e as that beautiful ore found native, called orpiment (sulphuret of ar- 
senic.) 

I It arsenic in its pure metallic state be kept covered with alcohol, it will 
preserve its metallic brilliancy. 

If metallic arsenic be previously inflamed, it will burn in oxygen gas till 
the whole is consumed. It burns with great brilliancy, and forms a very 
beautiful experiment. 

^ Qr. Pearson has said, that white arsenic, in the quantity of one- sixteenth 
part of a grain, is as harmless at a glass of wine, and in rhat dose is a re<. 
medy for inveterate agues. See Dr« Pearson on Sulphate of Iron, ^c. Phil* 
Mag, vol, xxi. 56* 

Whenever arsenic hat been taken internally, by design or r-' *he 

best medicine is sulphuret of potash (liver of sulphur) ditsoV 
A few scruples should be dissolved in half a pint or a pint of 1 
niniitercd a little at a time as the patient can hear \u 



places on the continent* It is united witl^ and cont;iqpdnata^ 
many of our metallic ores in £nglandf . 

f^bat is tie efftct ofox^^tn ufion arsenic ? 

Arsenic has a great s^ffinity for oj^ygest a^Mi is susceptible of 
two degrees of ozidii^ementj:. 

IVhxt salts of arsenic a,re there f 

The salts which have been formed with this metal are itm\ 
muriate of arseqic was made by the old chyiqists, and called 
hutter of arseniCf None of the sa^s of this metal ar^ fqiind 
native^. 

What are tbs qses ^ arsenic ? 

Arsenic> in a reguline state, is i»ed to whiten copper, and 
enters into the composition of several factitious metals for speco» 
Ia> iScc.ll Its oxides are employed in many processes of the dyer^^i 
idso as fluxes for glass, and in several ok^be ^ts. The su^loh 
rets of arsenic form valuable pigments oFdifierent colours**, 

JVhat is the nature of cobalt ? 

Cobalt i^ a whitish gray brittle met^U pearly resembling fin^ 

* The arsenic of commerce is prepared in $a3(ony by roasting the eobaU 
#res For the manufacture of saffre. White arsenic is prepaied by qfiiKing tbp 
«omm<>P oxide with potash, and bubmitt ng it to sublimation. By tbisprot 
^ess the arsenic is tepar^ted» and 8ublinied| leaving its sulphur behind united 
to the potash. 

In analysing the orfs of arsenic, or the ores of any of the metals whose 
oxides are volatiJej the iipper part of the crucible should always be fiile^ 
with charcoal } so that whatever is volatilized may be ca\igl^t by the char« 
coal, and immediately reduced. 

f A'senic is frecjuently found in nv^rtial pyrites, and in copper ore|. S.^ 
Gellert*8 Metallurgic Chymistry, and HenkePs Pyritologia. 

Lead, when contaminated by arscMic, may be purified by melting it with 
a few iron filings. The iron combines witb the arsenic, and these« being 
lighter than the lead, float on the surface, from which it may be readily 
slci mined off, 

X Arsenic iscapable of combining with so larg^ s^ portion of oxygen S(8 to 
become changed into a perfect s^cid. See page 137. There are four other 
pnetals whicii are completely acidifiable j viz. chromium, mplybden^m, tung^ 
8ten, and columbium : there is, however, some doubt res^tecting the acidic 
liable n^tpre of tungsten. 

§ Though there are no natiye salts in which arsenic forms the base,, yet 
we »re acquainted with several in which it is combined as ap ^cid \ suph are, 
the arseniates of lime, copper, ii'on, ^obalt, ^c. 

II The use of arsenic, in making factitious metals for the specula of re- 
flecting telescopes, may be seen in a long paper on that subject, by the Kev, 
Johri £d wards of Ludlow, in the Nautical Almanac for 17S7. 

Arsenic is used in making small shot, ^he design of it is to render the 
lead more brittle, and better capable of granulating;. $e^ Additional Notes^ 
No. xxvi. 

^ Arsenic, whrn used in dyeing, is generally combined with potas^^ 
Baume has long made a trade of preparing this salt for the French dyers. 

** Sulphuret of arsenic is much used ill C%lico-printiii|;i on a^couot of it| 
pirop^^rr- -^ readily disipiving iiuligq. 
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hardened steel*. It U difficult of fasioa and oxidixeoienCj but 
obedient to the magnet. 

How is cobalt procured ? 

Formerly all our cobalt came from Saxohyf ; but it is nojffT 
found abundant in the Mendip hills in Somerseuhire, and in a 
teipf pear Penzanccs in Cornwall:|:. 
' W^bat is the effict of oxygen on this fnetal ? 

Cobalt may be oxidized by an intense heati The oxygen con<- 

Orpiment and realgar are both sulphurets of arsenici Realgar is a dark 
irange or tcarleti the other a beautiful lemon colour. They are both much 
ttied in dyeing and calico-printing. The former has lately been found na- 
tive in Cornwall; The pigment called king^s yellow is made frotn this mi- 
Mral. Beautifal shades ot different colours may be given to valuable furs 
by arstnical solutions.-^So that that substance which is niost injurious to 
the aoimal ciconomy, appears to be endowed with piopertiet tor embellish* 
ing the works of creation^ and is m<ide to iHinister in various ways to our 
gratification! by imparting colour to other bodies. Ho^ divei-sified are the 
■icaas «lrhich the God of Nature hath adopted for the promotion of these 

te^t ! 

Who not content 
With evtry food of life to nourish man. 
By kind illusions of the wondering bense^ 
Has made all nature beauty to his eye. 
Or music to his ear. 

Akbnsidi. 

AMdic is used in preparing the beautiful colour called Scbeelis greati 
for the method of making this colour, consult GrenN Chemistry. 

The Chine&e and other Orientals form realgar into medical cups, and use 
)tt 1 cartbarriC^ lemon juice vViiich has stood some hours in them. 

* According to Bergman, its specific gravity is about 7.700 ; though 
Tksaaert makes it to be 1.538. 

Solutions of cobalt give a green colour by evaporation and heat. This 
may be showus by moistening a little paper with the.^Sttlution, or Writing 
vitit it on papery and drying the paper by a gentle heau The oxide of cobalt' 
ia amiHonia forms a red solotioui 

\ The cdbalt ores df Hesse, which at present produce a net profit of 
t4i00o/i 1 yeart were formerly used in repairing the roads. Born*8 Tri- 
vels. 

t 2affre is now made fronl the cobalt dres found in these hills. Had it 
^ been fdr the rapid promulgation of chymical science in these kingdoms, 
this inportant metal might have lain in the bowels of the earth undiscoVer- 
ti for iget yet to cotttei 

Full many a gem of purest ray serene 
The dark Unfatbomed caves of ocean beat ; 
Full many a flower is born to blush iinseeni 
And waste its sWettness on the desert air. 

Gray. 

tiobalt CNret generally contain arsenic ; they arc so contaminated with it, 
that the workmen who work in tbtso mines Seldom live many yedrs; I*^ 
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converts it into that beautiful blue colour which is seen on earthen- 
ware and porcelain*. There are three difierent oxides of co- 

baltf. 

fThai salts are thire of cobalt f 

A great variety of salts have been formed with the oxides of 
this metal ; but the muriate of cobalt is that which has, perhaps, 
been longest known^. An arseniate and a sulphate of cobalt 
have been found native. 

ff^hat is the use of cobalt F 

Cobalt has hitherto been chiefly used for making the difierent 
kinds of smalts for painting and enamelling^. It is extremely 

may be hoped that some mode will be devised for protecting the men from the 
duttty Sec, of this mineral. In the cobalt mmes of S«xony» the separation 
of the arsenic is performed only by criminals who had been condemned t» 
death. 

Cobalt ores may be analysed thus i Take lOO grains of the ore^ dissolve 
them in nitrous acid, precipitate the iron by the addition of ammooia, and. 
separate it from the solution by a filter. The nickel, which is always found 
in these oreb, may vfterwards be precipitated by the addition of a 8olution/>f 
potash, and separated in the same manner as the iron. The remaining solu- 
tion may be evaporated to dryness, and the oxide reduced by the usual, 
fluxes. 

The white cobalt ore is a suiphuret of cobalt* Arseniate and sulphate of 
cobalt have also been found native. 

Cobalt, tor txperimeiit, might easily be obtained in a metallic state. By 
fusing streiving smait with 6 or 8 times its weight of soda. The soda forms 
an union with the sand and leaves the cobalt free* 

* The oxuie of cobalt forms the most permanent blue colour that we are 
acquainted with. La Grange says that the old painters used this oxide mix* 
cd with oil in their paintings \ which is the reason why the sky and oir^pery 
in some old pictures are of so durable a blue. \ 

f Zatfie, which we have long iiv^ported from Saxony, is an oxide of c^pbalf^ 
mixed with three times its weight of ground siJex. There are the blacky the 
brown, and the yellow cobalt orcb, 11 which are oxides of this metal. ^* • 

X Muriate of cobalt has been long used in forming a green sympathetic iiA* 
Whaitveris written on paper with this ink remains invisible, while it is colils 
but if the paper be gently warmed, the letters will appear of a beautiful greM 
colour :—thub, by warming or cooling the paper, the writing may be made i^- 
appear and disappear at pleasure. It is, however, from some iron generally 
found in cobalt that tue muriaie forms a green ink $ for, if it be perfectly pur< 
it is always of a most heauritul blue ; »o that by piopei management one ma' 
be provided with both. By means of these two inksy a picture of winter ma! 
be drawn which ^hatl be transformed to a beautiful summer landscape, h\ 
holding It near the fire; and which will appear gradually to lose its verdute,\ 
and lemme \x^ winter dress, on being removed to a cold situation. Tht acetate \ 
of cobal* IS always o| a r^^ colour in solution, but as a sympathetic ink it is a 
fine blue, ^ 

\ Streiving ijnalty used by sign-painters, is made by melting the oxide of ^ 
cobalt with flint glass, and grinding the mass to a coarse powder. The 
same compo.^ition reduced lO an impr.lpable powder forms the smalts for 
wa»hing, sold under the n.«mc of powder blue \ which is not only used by 
laundresses, but is made the basis of several pigments. 



valuable to the miniifacturers of porcelain, as it mdUr^s the in* 
tense heat of their furnaces without any deterioration, and pro» 
duces a finer colour than can be procured from any other knowA 
substance** 

H^hat is the Hatnre ^manganese? 

Manganese is a brilliant, heavy metalf, of a dai^k gfay Colduf^ 
of considerable hardness^ and difficult fusibility. It is very 
brittle, and when in powder is attracted by the magneto 

Where is manganese found f 

The manganese which is used iii this kingdom is gotten in th6 
stat^ of an oxide in th^ M endip hills, in Somersetshire, and at 
Upton Pyne, three miles frdm £xeter|. It is found also in 
abundance in America, and on various parts of the continent. 

A solution ef cobalt in roilHatit dcid forms HellotS sympathetic ink. 
Sec Add. Notes, (4o. xxvii. 

Cobalt was employed to colour glass in the fifteenth century, and yet but 

small quantitieiB of it hive been used till lately. Formerly the miners threwr 

it aside as Useless* They considered it so troublesome When they found it 

among other ores* that a prayer was used in the German church that God 

would preserve miners from cobdUy and from spirits, Beckmann^s History of 

inventions, vol. ii* 363. Other ancient uses of this metal, as a colour, may 

i^ teen in the sattie work. 

* The greatest consumption of cobalt is by the potters and porcelain manu- 

•^ filcturers, some of whom make their own colour from foreign taffre. But 

ia Stalfbrd shire there are several people who make an entire trade of preparing 

I this colour fot* the earthen ware manufacturers, and who conduct the pro- 

oMs with great secrecy. The usual price of the prepared colour is two 

ywiiieafl'the ponnd. 

"t* The specific gravity of manganese has been estimated at 6.^50 by Berg* 
nfcnb 

For a method of procuring this metal in a metallic state see Dr. Thomson^ 
▼ol* i« %^t> 

The oxides of mattganese are abundant, but the ^iirr metal is not so easily 
filnoctired. The oxide requires to be intensely heated with a l^ge portion of 
chaiGoal^ in order to its being reduced to a metallic state. 

Where mang;ancse is employed in making oxygenixed muriatic acid foi; 
medicine, the purest, such as that of Upton-Pyne, should be used. That 
from ffristol and the M^ndip hills generally contains lead^ Thornton*f 
• Medical Extracts, vol. v. 4O34 

s> t Manjg^anese is generally found either in the state of all oxide or a salt« 
1 But the discovery 6f iSnglish mines of it is i new acquisition to this country^ 
f ^fting'xo the spirit of research which chymistry has given birth to» 
y' Or. William Dyce, of Aberdeen, has lately communicated to the Society 
, "'-fW rtie Promotion of Arts, &c. the discovery of a mine of manganese in his 
e ^einity, of great extent^ ind of very fine quality. The gold medal of the 
% Society was awarded to him for this discovery* The present produce of the 
ttine is 20 tons per week. 

Oxide of manganese is frequently found in stones and minerals. When 
'the mineral is dissolved, it may be precipitated from its solution by ammo- 
lis. 
Scheele discovered this metal in the ashes of burnt vegetables. 




What is the effect of oxygen upon manganese? 

This metal will become oxidized by mere exposure to thtf 
air*. It is susceptible of three different degrees of oxidizementi 
forming the white, the red, and the black oxide of mafiganesefi 

What salts are there of manganese ? 

A variety of salts have been made with the oidides of this 
metal \ but this class of salts has not yet been rendered usefal|/ 
A carbonate of manganese is found native in Norway and Swe^ 
den. 

What are the uses of manganese ? 

The oxides of manganese are used in bleaching^^ in purifyiogf 
glassH^ and in glazing black earthen ware. The black oxide }& 

Proust has lately announced the discovery of a naii*ve sulpburet of niai^ 
ganese. 

* Manganese has such an attraction for oxygen, and becoiiifct 8b loon 
oxid>Etd by exposure to the air, that in order to preserve specimens in a 
metallic state it is necessary to varnish them, or to keep them immersed ia 
oil, or ardent spirits. 

f The methods of giving the different degrees of oxidizement to this metal 
may be seen in Dr* Thomson^s Chymistry. 

If one part <>i the black oxide of manganese, and three parts of nitntr of 
potash be melted in a crucible till no more oxygen ga^ is disengagedi 8 
greenish friable powder is obtained, called mineral cameleoUf from its pro- 
perty of changing colour when dissolved in water. If a small quantity of 
this powder be put into a glass of watery the solution h first biuri oxide of 
iron then separates, and by ixsjelloiv colour renders the solution green; thii 
subsiding, the blue re-appears ; then, as the oxide of manganese absorbs 
oxygen from the atmosphere, it becomes reddish, biowhish, and at last black. 
It then subsides, and leaves the fluid colourless. Parkinson. 

The rubeliie and the amethyst owe their colours to the red oxide of man- 
ganese. 

X There is a peculiarity attending the salts of man<^ane^e, that when dis- 
solved in water, the manganese cannot be precipitated from its solution in a 
metallic st^te by any of the othei metals. This is owing to manganeie 
having an attraction tor oxygen superior to that of all other metals. 

§ Manganese is used by the bleachers in tnaking tbe oxygenized muriatic 
acidly which has the property of destroying all colours. 

II Its use in < lass- making may be seen in Berthollet^s Treatise on Dyeing* 
It was empfoyed for this purpose more than two thousand years ago. 

Dr. Dyce has suggested that m mg^nese may aidvantageously be employed 
In separating the pure from the baser metals. An account of the process 
niaV be seeti in the last volume of the Transactions of the Society of ArtSi 

&C. 3 

According to monsieur Gazeran, manganet^e forms a component part of x 
Steel, and ought to be added t iron for its formation ; the best Gerihan steel ^ 
being, according to him, composed of \ 

Iron . . 97 
Manganese . % 
Carbon • . i 
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also much used by ehymists for procuring otygen gas, which Jt 
gives out in great abundance^ by the application of a red heat. 

What is the nature of tungsten ? 

Tungsten is a heavy metal, procured from a mineral found in 
Sweden^ and from an ore called wolfram^ found in our county of 
Cornwall, Germany, &c. but its properties are not much known, 
neither is it brought into any use here *. 'llie same may be said 
of moiybdenumf, uranium;]^, titanium, tellurium, cbromium§, co- 
lumbiumjl, and tantaliuoiif. It will therefore be proper to 
defer the consideration of these metals till their properties are 
further investigated. 

Ifaving gone through the greater part of this chapter on metalsy 
endeavour to recapitulate the general properties of this class of bodies? 

The metals are simple substances**, distinguishable from all 
other bodies by their lustre, by their great specific gravity, by 
their perfect opacity, and by their syperipr power of conducting 
electricity. 

IVhat are the obvious advantages which we derive from these 
bodies ? 

The metals are the great agents by which we are enabled to 
es^plore the bowels of tbe earth, and to examine the recesses of 
Nature ; their uses are so multiplied, that they are become of the 
greatest importance in every occupation of life. They are the 
pstruments of all our improvements, of civilization itseli, and 

* Tungsten has been qsed in France for making vegetable lakes. Its 
oxide is insAuble in either of the three m^ner <1 acids, which is not the case 
with the oxide of any other metal. Though tungsten has beep lecon^mend- 
ed as a proper basis for colours, it shows in some instances a strange fuga- 
cious disposition. Mi . Hume left a piece of zinc fu( some time in some uf 
the triple agidulous solution, generally called tun^stic acid, and obtained a 
most brilliant blue solution t this wan placed over the gentle heiit of a lamp 
tQ evaporate, and soop lost all its coloui, Phil. Mag. vol. xix. 29. 

-f* Mi>.ybdenum has been employed, I believe| in some piocessek of dyeing 
in Germany. As it may be procureti in great plenty, it will probably some 
time hence come into general use hcie. 

{ Uranium, combined with carbonic apid, is fo|ind ip the common pieen 
mica. 

§ A beautiful green dolour may be obtained from this metal useful for 
pai>nting m oil or distemper^ or for "Applying to porcelain. The metal was 
plied chromium, betause of its property of imparting colour to a variety of 
Other bodies. 

I Columhium was discovered in a mineral sent from Massachusetts, in 
North America. See Mr. Hatchett*s paper on this metal in the PhiIosi>phi» 
cat Transactions for i8ox. 

f\ Tanialium was found in an ore from Swedish Laplan^. Its charac- 
teristic is, that it is insoluble in all the acids. 

** The ancient chymists supp'>sed the metals were ro/ff^oir^^ bod t.*s. They 
w^re prol^ably | d t this b) obscrvinj^ the piilverultni nainrt ^C'tl.c metall 
dxides. Their undecgmpounded nature was first suspected by Mayo. 
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are even subseryieqt in the progress of the buAivi miQd towards 
perfection*. 

you can doubtless t^er some reasons why onf nut^ possesses such 
opposite amd specific £fferences from another P 

This variety is not to be attributed to chance, bnt most cer?* 
tainly be the efiect of cop^ummate wisdoooi and contrivance. 
These metals differ so much firoip each other in their degrees of 
hardness, lustre, colour, elasticityi fusibility, weight, malk^ibility^ 
dpctility, and tenacity, that nature seeiUs to have had in vi^w alji 
the possible necessities of man, to suit every purpose his inge^ 
nuity can invent or his wants require. 

By what means are these bodies rendered so important to hs f 

We not only receive this great yariety from the hapd of Nat- 
ture^ but these metals are rendered infinitely valuable by various 
other properties^ they possess. By their combqstibilityi^f tbei^ 
soliibiiity in fluids, their combinations with phosphorus, solphor^ 
and carbon, and by their union with each other ||, whereby coiii- 

* The metals are seldom aflbrded by Nature otherwise than in a state of 
gr^at impurity. \X is to the use of the reasoning Acuity that we owe die 
possession of any of them in a state fit for use. If we consider for a mo- 
ment what would be the situation of the world if society were deprived of 
this class of bodies, we should then have some idea of the obligation! wsowfi 
to the sciepces of metallurgy and cbymittry. • 
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Effusive source of evidence and truth \ 

Without thee, what were unenlightenM man? 

A savage roaming through the woods and wilds, 

Rou£h clad, devoid of every $ner art 

And elegance of life.*^ Thomson. 

* 

' The best information respecting the analysis of metallic ores may be had 
from Klaproth^s Essays, to which I refer the reader. 

f Much information on the nature of the metals may be collected from 
Mr. Ha I chett^s valuable paper on gold, in the Philosophical Transactions 
for 1S03. 

\ Some of the metals are so combustible that they will burn before they 
acquire a heat sufficient to fuse them. This is the case with iron and zinc. 
A thin shaving of zinc, as we before noticed, will burn if held in the flame 
of a candle, without melting. The combustion of iron in oxygen gas is an 
interesting and beautiful experiment. See an account of the method of 
managing: it in the chapter on Combustion. 

§ All the metals except platina and gold will unite with sulphur by fusion. 
But the natural sulphurets contain more sulphur than the artificial ones) 
thev must therefore have been formed by Nature by different means to those 
we enp"'"" in fornrng these compounds. 

ttlH of the metals have a very strong affinity for each other, as may 

bo' experiment. Mercury will dissolve lead, bismuth, zinc, and 

9 If a piece of lead and a piece of bismuth, each alloyed with 

nelted together, they form when cold a toiid metallic mais ^ 
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pQUQd9 or allojs are formed extremely useful in a variety of arts, 
inanyfactures, and other requisites of life. 

By 'ivbat other means does Nature render these bodies subservient to 
t^r W^ffi^i and cf^pabk of ministering to our comfort and gratification? 

Nature has furnished li^ with acids, whereby the most refrac- 
tory metals may he dissolved* and purified, and rendered fit for a 
v^iety of purposes to which they could not otherwise be applied ; 
ao4 by combining them with oxygen we can invest them with 
nev) properties, and are enabled to employ them to promote the 
progress of the fine arts, by imitating the masterpieces of crea- 
do^, iq the production of artificial salt, spars, and gems, of every 
<iolour and of every shadef. 

HpVf does oxygen produce these changes in metals? 

Different metals acquire difierent colours by their union with 
o}^ygen, and the same metal attains a different hue, according to 
the portion of oxygen combined with it^; so that this wonderful 
substance seems destined not only to render us the most import- 
ant services, but to embellish the works of creation, by the beau- 
tifpl tints which it imparts to almost all subjects, whether of the 
animal, vegetable, or mineral kingdom. 

Tou seem to think that the changes which metals undergo by their 
absorption of oxygen are the most surprising phenomena of nature ;— 
Ci^ yoi4 recollect some other properties of oxygen^ to serve as a compari" 
jioo, and to elucidate its importance ? 

but from th^ir affinity for mercury they have acquired lo much futibility 
that they will melt by the heat of faioiling water. See note, page a2i. 

* The alchymists were io search of an univertal solvent of all metals ; but« 
as Mr. Davy has remarked, if such a solvent really exi&ted, nothing would 
be so much dreaded by modern chymists. It would prevent the analysis of 
every mineral into which '^ entered, and would be like the fabled water of 
the Styx, which petrified every thing it touched. How different are the views 
of the scientific chymist to those of the ancient adepts, who concealed their, 
knowledge with the greatest care, and appear to have had no other view but 
to smrpriiB a gaping multitude ! 

f If phosphoric acid be united with silex by fusion, artificial precious 
stones may be prepared with the compound, which may be coloured to 
imitate any particular kind, by one or other of the metallic oxides. 

X The oxide of iron is an eminent example of this change of colour. No 
lets than seven distinct colours, besides a great variety of shades, are observed* 
in minerals containing iron ; and to the iron in most cases is the colour to 
be ascribed. 

White in the somnitc. 
Black in the obsidian. 
Green in the euciase. 
Blue in the lazulite. 
Ked in the sarnet and ruby. 
Yellow in the topaz. 
Brown in the tourmaline. 
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* ft if 9» iiMtnu] tliaip for ribr rotancs of c h|Miui y t» oO it a ! 
wcltnct. That it if tht mom, 9ttfml of all scicbcb ciBaoi be 
C1I f bofie be the iea»t doubt that it lu* a atroag troHcTj tocachx 
dti^ote (heir aitteatios to it. It serves at a powerful stinalor to j%mA, hf 
€€Kiipy'ti^^ their time %o f atiffactoriiy to t heaud p t s smI lUMluM g all low aad 
mnmttfthj port oitf ttuij detestable. Bat amidst tint ^icat variety of iab|BCO 
which this tcieoce embraces, the changes which the metals ooderf o bj thpr 
abu/r^fofi fA oxygen are perhaps moie emioently caicubted thao any other 
of lu departmer.tfy to gire a reiisa for chymical porsuits, and to rapjipc dl? 
yotiog mi fid in the iBsreroitted numination of the works ^ oeatioa. 

** The philosophic yooth. 
To NATtraE*s voice artendf, from momh to moBth, 
Ar.d d:;»y to day, diroogb the revolving year ; 
Admiring, sees her in her every shape ; 
F<elf sit her ^weet emotions at hi« heart ; 
While TvyTH, divinely breaking cr. his mind, 
Rlates bis bein^, and imfolds his powers.** 

ThomsoHi 
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CHAPTER Xt. 



OF OXIDES. 



^HJTisanofcideP 

Any one or more of the simple substances, when united to a 
less quantity of oxygen than what is necessary to form an acul^ 
b called an oxide. 

WTjot substances are capable of forming oxides? 

The mineral, the animai, and the vegetable kingdoms, all fur^ 
sish matters which are convertible into oxides by their union 
with oxygen*. 

What minerals are convertible into oxides? 

The metals are all capable of forming oxidesf : so is sulphur^ 
il^hich is a peculiar substance, often found in combination with 
metals. 

In what way do metals beconie united to oxygeti ? 

* The oxides appear to range themaelves into two classes. There are 
elides which are permanently such, so long as they retain the oxygen which 
enters into their formation \ and there are others which seem to possess only 
a kind of intermediate state between combustibles and acids, being con- 
vertible into acids by a further portion of oxygen. This will appear as we 
proceed. 

"t* According to the old theory, metals were supposed to be oxidized by 
the loss of phlogiiton ) an<t when these oxides were reduced to a metallic 
State, it was imagined that they recovered their phlogiston from the caibona- 
ceoutt matter employed in their reduction. Those persons who have nor been 
in the habit of reading the works of the older chymists may understand them 
by attending to the following particulars : . In most cases^ all that is neces- 
sary is to substitute the word oxygen for pb/ogistofi, with a slight inveision 
of the language. For the effects which they attributed to the combinatioil 
of phlogiston appear to he due to the extrication oi oxygen $ and whar they 
Supposed to be owing to the loss of phlogiston were really occasioned by 
the absorption of oxygen < ^ 



There are several ways in which metallic oxides are formed, the 
chief of which are by the access of atmospheric air; by the de« 
composition of water \ and by the decomposition of acids. 

Will all metals become oxidized by exposure to the air? 

No: gold) silver, and platina, cannot be oxidized, unless in i 
^ry high temperature ; though iron, copper, and lead, will hf 
long exposure to the air be oxidized in the coldest atmosphere. 
Manganese, by such exposure, will in a few hours be converted 
into a perfect oxide. 

^re metals ever exposed to the air with the design of converting them 
into oxides? 

The common red lead of the shops^ which is a trucf oxide of 
leadv is made by melting that metal in ovens so constructed as to 
have a free access of atmospheric air*. 

How is it known that the change of common lead to red lead is caused 
by the absorption of oxygen f 

This is known by the increase of weight which the metal ac- 
quires during the operation ; and because it may.^gain be reduced 
to its metallic state by any combustible body that has a grefatex* 
affinity for oxygen. By this de*oxidizem^nt the metal Will be 
reduced to its original weightf . 

Do all metals increase in weight by being converted ittto ovddhrt 

All metallic oxides weigh heavier than the original metd fh)m 
which they were formed:]:; but the difierent metab combine with 
different proportions of oxygen \ and these proportions may b^ 
said to indicate the capacity of the several metals for this substance* 
Indeed some metals have so strong an attraction for oxygen, that 
they af e capable of absorbing it from other metals, and becoming 
oxidized themselves thereby $< 

* Some of the metallic solutions cannot be formed without atmospheric air^ 
'fhus, copper or lead placed in acetic acid, and excluded fi'Ofn the air, does 
not form any solution ; but if the mixture be exposed to the air, oxygea is 
absorbed and the solution takes place. Berthollet. 

f The following account of thi^ manufactnre of red lead, from WafsonV 
Chymical Essays, will be a satisfactory proof of this doctrine. Ii» the m4» 
nufactories of red lead in Derbyshire^ the melted lead is exposed to atmosphe- 
ric air; the surface soon becomes covered with a dusky peilitle ) this penicle 
being removed, another is tormed ; and thus^ by removing the pellicle at fast' 
as it forms, the greater part of the lead is changed into a yellowish green 
powder. Thin powder is then ground very fine in a mill, and, when washed' 
and properly dried, is thrown back into the furnace, and by constant stirring 
for 48 hoursi so as to expose every part to the action of the air, it becomes 
red lead, and is taken out for use. Twenty cwt of lead generally give 1* 
cwt« of red lead $ so that 1 cwt* of oxygen is absorbed from the atnhosphere 
duringj the process. 

X This, as Mr. Henry has remarked, may be shown by keeping a given 
weight of iron wire red hot for some time in the bowl of a common tobacco-* 
.P'pe. 

S '2k iposes a great number of salts and metallic solutions by its 
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What nietals dfi oxidized by the decomponttoh of water f 

Iron, zinc* tiiii and antimony, decocnpose water, and become 
taidized by the process. The rast \i^hich forihs upon polished 
irod is a true oxide, dccisioned bf the iron decochposin^ the 
Urater iti attnospheric air, aiid imbibing its oxygen. This metsd^ 
when heated, decofuposed water with great rapidity*; 

How do these metals operdte iH fhu} decomposing witer f 
'■ Tiiis Effect, like niost 6f tUe operations df dacur^, depends oH 
chyilical affinity. The^e nietalls have a greater affinity for oxy- 
gen than oxygen has for hydrogen : the oxygen of the watery 
therefore, tinites with the metal, to form a metallic oxidefj 
while the hydrogen, the other ingredient of the watery ^sclpes 
in the form of gas» 

ts it known what proportion of oxygen bach meted requireij^ in order 
U it 4 being converted to 'ah oxide f 

M )st of the metals are capable of combiriiiig with different 
{proportions df dxygeili according td th^ mode by whicli thej 
ire oxidized^ . 

fowcrhl ititutidti tor jatygetii and precipitates the metal frafni theni under 
amstaliic fdroii or tinder, that of <ixides lest oxidised than they vi^ere before. 
Thiv may be esteni^lified by the experiment of the ixfetallic treei whicti ha« 
bee9 attributed to Dr. Black. For the method of oondtfctirig it, conault any 
tyatem of chymittry. 

... TIte pin^nianafacturers whiten their pint </tf the time principle. They 
.qU a pan with alternate layers of pins and grain tiri, iitto which they pour a 
iioludod of fiipeir- tartrate of potash* and then boil the who^e for foiir or fiva 
.Itours. In this process, the tartaric acid first dissolves the tin,* and theH 
gradually de]k>sit8 it on the surface of the pins, in consequence of its greater 
■iffiftity for the atnc, which enters irfto tbt comfpoaition of the brass wire oif 
, which the pins are formed, 

* An tttjcrea^e of oear 30 per ccift. niay t>e given to» irort; by heitting it 
red hot, and passing a continued stream of the vapour of water dver it #heh 
in that state. Hiis increaae of weight is owing to its ioifbibing the 6xygej| 
dftiic water. 

, The metals which are eapa1>l< of decomposing \<^ater effect it nfucb sooner 
Hf means of heat than without. Iti this case, the caloric uni^tes with the 
liydrogen of the wa(er,' and carries it off in hydrogen gas $ while the oxygeir^ 
the other eompionent part of water,* unites with the metal. Hydrogen re* 
^iuiceaa very large pK>rfioiiof caloric to give it the gaseous form. This 
accounts for the necessity of beat When water is decomposed by means o( 
.aonie niietaU. 

f 3ee the account of an experinsent, page 85, which explstinf cKe opera- 
tion of metals in the decomposition of water. 

X With res'pett to some nietals; ont do8< of oxfgeh occasions the I<MSio£ 
their mietailic splendour; a larger dose dcstrdytf that splendour entirely | 
tod the proportion ot oxygen njfiy be increaMd so far as to give to ihe ox:ide8 
ad appearance altogether eai thy.' Boifilioh La Grange. Some jf the nifetals 
^ capable of several degrees of oxidizetiicat, producing oxides of different 
colouts and possessing very different p.operties* 

in Che oxidizernient v>f meiais by ricids, tliough there be no oxygen ga'si 
Msibly present by' which it is effected, oxygen exists in the acids, also ijfi- 
30 
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"■tr.T ■» -a ^iJk i\c tcuii are i l^esd s ^^^ -«* efec :* 
Jt.t rv; •►-.create .s irti-^r. m-:zz. :tk sxetv ac>;*!C» » a L w i i t eylf ik 
>c;^, iC carafe* ibe ac»^ |tr fertLc^ C4 At»ppcar ««ac:«f as tf s& aJUki kd 

A q^acist^ of etrftacc cmckbSc*, fxMirg frcfflc ] to ( ^%vtt cac^. 
If £'riri wkk victor, are pliccd ic hot Ndi cf Ua ; vp«.ft tWs«> civc'Mcf 
fh.i; »heef»of U»d, roHe-J u^meofis, arc pEaocd, ooe cotI ovcrcacfc cnCkUb 
TbelMacaf tbe bed «cca(i:<m% ifac iriiBCgar co ri«cm vapowy «kich aitacki 
i^i^lf r, r«>4r itaj and os^:z«s :!« «artace :o a coas-idimble dqpttfa. Ati 
err "i in rroe the c-s:flr wh.ch ha> bsea thut fonccd if fcnpcd cSf, isdik 
caI' of kad replaced^ imhichto'jn Wcmbc oxidsaed throoEliov*. Tkis osidi, 
%rfe;ch C6Ctair«4 ap^^rtion of carbon x acid, is a' crwar-li nsMMttd^ and growd 
for %a(^, Sor AcM-.rioKi: S^cct. No. zaviii j alto Mr. Hobc's Obtanatiwii 
in tb* Medicat and Pb^icai joornal for March 1^05. 

f TbeiRCf»f|{C oxides wiiC a>inhific with the alkalies, aad with toaKof ik 
t^rr^tt *'mu'i- to rhe acidi. Herce originate the terms piamhate of potatli 
blumbatc <^ hme, arjscnraie of anmsoDiay &c. Berthollct. Time tcmsi 
ntmtftrt are certa nly imprc per. 

. t The nitore of the combination of ozvgen with a metal, the i triMcqacit 
•olti^4n cf ine metal in an acid, in I its revivi6cat--oiiy maybe shown lifti 
aa'i^fikc ory manner by the following process: Take a quantity of copper 
€\r.%%f boil them in concerMrated salphoric acid (commor oil of vitriol) 
wirna «malJ portion of nttric acid, and when the copper is dissolved ctilvtt 
4lie %o\uiton with water, and set it aside to crystallize. The ci^stals will 
be the Crne sulphate of copper and will exemplify the formation of a netaUk 
talr. Then JissoUe these crystals in a little water ; and if the polished 
hMt of 9 kfiife be iromerced in t:*e -olution, the copper wiil be reTivcd, 
af;H ap)^»f of its natural coloMf upon the knife. The oxygen, having a 
y^tt^*t:t :iffiniiy lor the iron than the copper, passes to the iron, by which 
1 he C'ipper becomes de-oxdized, and consequently insoluble in the acid; it 
ihcicfore precipitates itself from the solution, and attaches itself to the knife 
in 'A frirtailic lorm. In the fir matron of sulphate of copper, the oxidiaement 
of the metal, and iM solution in the acid, seem to be only one operation ; 
but f»»e metal iftuitluubtediy Aritoxid.zeJ by the oxygen of the nitricacidf 
* thin hccornes -oluSIe, 
M'*tit if tiie metallic o;;ides are poisonous, especially those which rciaiW 
■^yjjen slightly. 
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. AU metals are Incslpable of dissolving in acids^ until they are 
tombihed with oxygen^. 

Is there arty instance of ibe stronger acids being made use of by manu^ 
faeturers to dissolve tnetals ? 

Yes : the manufacturers of sulphate of copper boil the oxide 
of copper in sttong sulphuric acid, and dissolve it by that ope-, 
rationf. 

What other instances are there of manufacturers using the mineral 
acids for dissolving tnetals ? 

Silver is frequently dissolved in nitrous acid, by the refiners in 
the business of parting^: \ gold is dissolved in nitro- muriatic acidj 
for painting china ; and the dyers use large quantities of tin. 
dissolved in a peculiar acid prepared for that purpose^. 

Is it possible to recover metals luhich have been dissolved in acids ? 

The attraction of the different metals for oxygen is so various, 
that several of them, when dissolved, may be precipitated even 
in a metallic form, by the addition of metals that have a greater 
affinity to oxygen than the dissolved metal||. 

What is the usual mode of reducing other metallic oxides ^ 

Charcoal is the agent usually employed, on account of its 
superior aJinity for oxygenf . 

Are you acquainted with any other agent tuhich is equal to the de* 
dxidizement of a metal ^ 

.'* It is not only true that all metals trust be oxidized before tbey can be 
dissolved in acids, but they must contain a certain proportion uf uxygen, 
which proportion varies according to the metal employed. On the other hand, 
if a metal has combined with more oxygen than the necessary proportion, it 
will precipitate itseU from the acid, and be incapable ot foiming a salt. 
The dyers are often pej-pUxed by the operation of this principle. In making 
their solutions of tin, if they add the tin to the acid too. hastily, or, in loo 
large (quantities, the tin becomes, by the violent action of the acid, more 
oxidized than it ought to be, and precipitates itself instead of renrtam'ing rn 
the solution. In some metallic solutions it is necessary to add a third sub- 
Stance, for the purpose of depriving the metallic oxide of part of its oxygen, 
ID order to prevent a precipitation. 

f This is common blue vitriol. The mode of its manufacture may be 
collected iProm the former note. 

X For an account of this businesst consult I^ewis*8 Commerce of the 
ArtSr ^ 

§It 18 supposed that some hundred tons of tin are annually used in this 
way by the dyers of these kingdoms, 

ll This is exemplified by the refiners in their operations. When the silver 
is dissolved in aqua-fortis, they recover it by placing plates of copper in the 
solution. The copper absorbs oxygen from the silver, and the fatttr is pre- 
cipitated in a metallic state. All metals have the powers of de-oxidizing gold 
and silver \ copper will take oxygen from meicuryj andiron will reduce an 
oxide of fopper. The degiee of attraction for oxygen, which the different 
metals possess, seems to be in the foilowii»g order /—manganese, zinc, iron,.' 
tin, copper, mercurv, silver, gold, 

f The usjalmoce ofp.octQuie Is to m x a quantity ot charcoal with 



rveo i^t* viii separate k, ace ivdDce tbp aside tc m aqpia| 
nMrtaiikiiate. Uydragen gB viii cfirct the BBDe faupoi^ 
assisted by beatf . 

We are acqnaimed witfa an oxide of eadi cf de Boqik 
bintibles:U su^duB-* flioq]hani&, and fayorcie™ ; with rmo co- 
ii:&e»<it carDODf the other ais^ nwihiiHib tei and midi t«D of 



a»ciallac «KMi^ and snlmctdK ■uxtmctcan inteBiefaBBt ia cmriyrt Tk 
0a(^gai c««Dbiii» wjtk the chaicud and m-tfa a poitiori of caknc^ aprf^-oa 
oa io C4rboniC aciil ^as ; the mctai tben iaiis to ibr battniD tf Aeovihic ii 

1 bt reduction atf actaiiir osidn. \n flBoung tboB wixk dBnaal yvwdcTi 
aocMbfiiiU!!^ \^tm\» tin: actioao^tec^ profaabij gave rkc tp die iahksf 
Ike FMr&iJK* whidi waf a isioumc eml^kiL with iLe old cbymiBi a 



Fur, vtira Arabia** bad. b> . 

Consumn dtrli§bii:d «d bir »ptcj ms^ 
A iiiai PbamuL ijLOi Lj^ atJoc^ fi|>rii^Bp 
Cru«ii*d Vitb a siar ^ on renovatfrd vmgs 
As<oeud» cmlfiD^ from bi* fiti a] flwi. 
And Mttf and (hines, acoliier asd ibc 



Tbc old cbprists bad certainlir as idea that coirboBtJoB camm <k«n«y die 
mattti O! Kkbicb it opcrsitci. I have teen an olderpavii^ ot svMby cbj« 
asicaJ apj.«ialu»« with a Phcrciit ia the laJdu di itsflaBOy'^Hsb ilasftaper- 
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Matune r^na iostar Fhtgtxicn per ignea 

pf all I^Bpwa substances^ caiboa and bjdn>geD bare tbc ttronnt attiac- 
tioD fof pxy^D. Tbib aconinu foi ihrir cfficicnc} xr. dc-czacx&ng FcdJlic 
«>xidct. Mufiatjf acid ba» the property of partially dc-ozidizirg scvcial of 
tbt oretailic cxidef. It ba» a gteatcr affinity for oxygen tbar any other acid. 

* Oxygen gas h coinpo^cd c«f oxygen, caloric, and iight, l^itbovta 
cbysnical union with ligbt it would nut be is a Mate of ga*.' Bciicc ligbt|^ 
wbep it cpmtf in contact with |bt oxide of eoid, silver, &c. pots the oxygea 
of the mrtal in a omdition to OKite with itself, and with the caloric it finds in 
atmosphtiK ar, oi many peigbbouiini body. As it-onites with these svb- 
4tai.cef, vif* light aid cafoiic, it leaves the n[!etal, and takes the sute of 
oxygen ^Sis» The oxide of nnetcury reqtiircs moch light as well as beat to 
red«icc It. This propcity of ligbt, by which it dc-oxidixes metallic oxides, 
af count« for the ntcesbity there u of keeping Sofr-c b etallic colour* in well 
f ^^l^d impervious vessels. Respecting the natpre of light, ice Additional 

f' If tbc redcx^leof lead be put into a receiver of hydrogen gas, and the 

oxide be heated by means of a glass lens, the oxygen of the metal will cov- 

witbtht; hydrogen to foim water, and the Hietal will be completely re- 

ith the execution of watei| all the products arising from ihe vidoB of 
»k MWibtiiUolet with txygen are dthcr oxidet or acidt. 



JFbat if tie crigift ef ibi oxide of sulphur f 
This oxide is forip^d by keeping sulphur melted * for some 
time in an open vessel, whereby it al»p|rbs oxygen iroip the 
furrounding atmospheref . 

What is the origin of the pxide ef thos^horusf 

If phosphorus be not preserved entirely frpfn the access of ai^ 
and light, \% soon becomes first white, and t)ien of ^ dark brown 
cplour, by its ypion wi^h oxygen. Ip ^ state it is oKide of 
phosphorus^ 

What is the nature of th^ oxide of hydrogen^ 

Hydrogen differs irom the other three sipple combustibles ii| 
being capable of combining only with pne dose of oxygen; where* 
1^ they form acids as w^ll as oxides. The coipbination of oxygen 
frith hydrogfn produces water}. 

Whit if the feature of the oxides offarbonf 

The first degree oxidizem^n^ ot carbon produces earbonour 
<}pde, or charf oal|| : a furthfr c)cgree of oxidi^ment gives it g 
jgaseous form, and produces carbonic acid? 

How is carbonic oxide prepared T 

Carbonic oxide, w}iif h was one of the last discoveries of Dr. 
^fiestleyt is procured by beating pharcoal with metallic oxides, 
or earthy carbonates \ by which means the charcoal absorbs suf- 
ficient oxygen to give it a gaseous form. 

What is the d^erence in the cotpposition of carbonic oxide and cat^ 
tomcwdi 

Carbonic oxide contains 60, and carbonic acid 82 per cent, of 
fwygenf. 

What are the propertif4 offorbonic oxide? 

Carbonic oxide is invisible and elastic like other gases; it^ 
specific gravity is somewhat less th^ that of atmospheric air ; it 



* By this qperation sqlphur acquires a pcrnaneiit red colour. It is used 
in this sta^e lor taking off iippret sions from teaJs and ipedalt. 

i* According to a late analysis of Dr. Thomson, the oxide of sulphur 
contains jy.i^ sulphiir, and a.4 oxygen. Sef his pamper on this subject in 
Micholson^s journal, Svo.'vol. vi. 91. 

X Phosphorus, when newly prepared, always ^qntains some oxide of phos- 
phorus mixed with it ; but this may be ^sily separated by plunging thq 
mass into water heated to about iqo. The phosphorus roeJtSy while the 
oxide remains unchanged* and swims Hpofi the surface of the melted phos* 
pboms. Dr. Thomson, i.44» second ^ition. 

4 For the nature and properties of ws^ter, see Chap. iv. page 78. 

I Chafcoal is composed of about 64 carbon and |< parts oxygen \ but it 
nenerally contains also a itmall portion of hydrogen. For the properties of 
fbarcoal consult Chap. ix. page 176. 

9 Carbonic oxide is compowd oi §0 oxygen^ and 40 carbqjQ. Carbonic 
ficid f% oxypeoi apd 18 carboiu 



^^S OXIDES. ^Cief. 11. 

lb bigb'iv coobustibje' ; but it is a gas that will not iiself np- 
port CO nbustion : neitner is it fit for animal respiration-}-. 

H'hat are the oxiue: of mirogett^ 

'I'ue first degret; of oxidizemexit produces nitrous oiide; a 
furrbcrr portion of oxygen forms mtric oxide. Both tfanetoides 
are in the state of gas. 

M^kai is the oripn of nitrous cxide ; and to%u is it procured f 

Nitrous oxide is another of the gases discovered by Dr. Priest- 
icy;., it is readily procurec; by es^posing crystals of nitrslie of 
ammonia in a retort, to the heat of a lamp^; by which means 
the ammouiacal sak is decomposed, and this gas croWed. 

Vn^t are the properties of nitrous oxide r 

This gas bears the nearest resemblance tsf any other tx> atims- 
pheric air. It will support combustion eren better tfam cen- 
iDon air; is respirable for a short timej; ; is absorbed by water; 
and is capable of forming salts of a peculiar nature by its comhi- 
nation with alkahes. Its spec. grav. is much gr e at er tixaii thit 
of common air. 

IVhai is tht origin of nitric oxide; and hotu is it procured^ 

Nitric oxide^ or nitrous gas as it has usually been called, vas 
discovered also by Dr. Priestley, during some of his first ezperi- 

* Carbonic oxide in contact with oxygen bums with a lambent blus 
flaiut } but it biirnb witii mure rdpidtty and brilliancy when mixed with oxy- 
gen ga«. 

f According to some French Ch) mints, birds drop down dead immediately 
on being put iniu this gas. These cnymisis attempted to bicatbe ittheoi- 
^.L'iveKj un whom it piudiiced giddiress and iatntnebs. Ann. de Chiin. 
xxxix. 56. 

X Priestley discovered this ga- aboot ilie year 1776a and called it iiefJfkn 
^isticaud nil rout gas. For furihei ii; formation respecting its proptiUCB 
corui.li Ml. Dayy'i Researches. Mr. iJavy invtsiigaicd it with gi eat care, 
and pointtci out its nature and properties. 

^ The heat should nut be less than 340^, nor above 40d«>. One pound of 
dry nitiaie of ammonia^ well decomposed, will produce ratbri more ihaa 
tour cubic feet of aii . 

Nitrous oxide, or the gaseous oxide of nitrogen, as it is sometimeB csUeda 
is composed of 63 nitrogen, and 37 ojcygen. 

IJ Persons who have inhaled this gas have felt sensations Fimilar to thsK 
produced by intoxication. Jis effects on some people aie truly JodiciiWi 
producing involuntary muscular motion, and a piopensity to Jti.pir.g and 
ri.ni:in^ i on orhers involuntary fits of laughter; and in aJ] high uniiitf, and 
the n»o^t txqiiiBitcly pleat^urabie sentations, without any subteqncfit K-rlingt 
*j\ r.ebiiny. When Mr. Robert Soothey, the poet, inhaled it, he dcclaied 
thai 11 produced in him sensationh perfectly new and delightful; and that be 
n!»i<fe,i"td that his taste and smell weie more acute than usual for itwfl 
l.oi.ifc ujte. waidK In a poetical rhap&odv he remaiked, that he soppcted tlie 
ja|Mi^h'i<^of the I:.^:ht8t of all powibfe hearens must be compMed cf ihif 
^^^i lJd\) t Kcsearches, and Kicholson'i loitniaK v»l. «,. ^ 
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tt j;avj t Kcsearches, and Kicholson't Jotmia}, toI. iii. 410. 446. 
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meats on air*. It is procured by digesting copper or mercury 
in diluted nitrons acid, and colleaiog the gas which rises during 
the solution. 

ffn!)at are the froperAes of nitric oxide f 

Nitric oxide is an invisible gas, which assumes an orange colour 
whenever it comes in contact with atmospheric or any other air 
that contains oxygenf. It produces suffocation in those animals 
who attempt to breathe it, though some substances will burn in 
it^. Its specific gravity is somewhat more than that of common 
air. 

What compounds are formed by means of nitric oxide ? 

Nitric oxide gas, when mixed with oxygen gas, forms nitric 
etcld. The aqua-fortis of commerce owes its colour to this gasi 

What other oxides are you acquainted with ? 

The red part of the blood of animals is an oxide ; and sugar is 
a vegetable oxide. Moreover, oils<), butter, and dryed salt meats, 
become rancid by absorbing oxygen firom the atmosphere ; so 
that oxygen not only performs fix us an infinite number of 
valuable and important offices, but appears to be one of the grand 
agents of decomposition and destruction||. 



* This gas was ascd by Priestley for purpcMes of euHiometiy. The firtf 
evdiometer was made in consequence of Dr. Priestley's discovery, that when 
nftroiu gati is mixed with atmospheric air orer water, the bulk of the mix- 
ture diminishes rapidly, in consequence of the combination of the gas with 
the oxygen of the air, and the absorption of the nitftc acid, ihuf formed, liy 
t|ie wo$xx* -Wheiicvcr uiRous gas is ihus mixed with atmospheric air, the 
(Hmiiiiition will be in proportion to the quantity of the oxygen ) of course 
this gas wiH slways indicate the measure of oxygen present in any portion of 
air submitted to trial. In consequence of some inconveniencies attending 
the use of this eudiometer, others have been iottenfed by Schecle, De Marti, 
QojpBbokh, Sq^ujo, Bcrthollet, and Davy. An account of their diffin-ent 
processes nsay be seen in Dr. Thomson's Chymistry. 

i* Nitrite oxide is composed of 57 oxygen, and 43 nitrogen, by weight. 
Nitric acid is composed of 75 oxygen, and 25 nitrogen. 

{-If plKisphonu be previnasly inHamcd, it will continoe to bom in this 
^U widi as much splendour as in oxygen gas. 

4 Dr« Priestley found, by experiment, that 100 nMasnresof nitric acid, of a 
■■HidcraBe strength, absorbed in two days 90 of nitrons g:is s that when about 7 
4acts were absorbed, the acid assumed an oran.^e cokor, when iS parts were 
absorbed a grecii colour, and when the 90 were combined it became red and 
f«flmig. 

§ Seed oils are sometimes oxidized artificiaJIv for the purposes of paintiasr> 
l!iitwed oil is thus boiled with the red oxide of lead. In this operiiiian, the 
AXjgBn leaves the metal and combines with the oil, imparting to it the pro- 
pnty of drying quickl?. Oil thus prepared is called drying oil. 

I All organized -beings, whether v-gct able or ao:ma|, po(:&ess the nu- 
tcdals of which they are composed only for a lira: ted time : life itself is a 
boon which is only /rir/, to serve the pnr^wMi of infinite beneficcroce. At 
thesproper period, oxjges, or same other powerfi:! agent, eliects ;he decern- 
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40 6Jmt& fitak^il^ 

poiltioo of tlie ^iirioaft falkic^ isJ •eft lU the t teaKt i rir y pirdciet «l Gkrtfi 
«o form other equally perfect aid - -• —'- ^-- 



Which tbms, alternitiiy with death* folfil 

The silent miiiditft of the ALMtcrtTT's wOl ; 

Whow hMdy muwbtm, the worktf of aitoic 

By Uwt iiiikaow%— WBO oitbs amd wso ulsumss. 

DARWit; 



• See Aaaitional Notet^ Ho. T. 



ghaMzr xil 

of COMBUSTION. 



CombosdoQ* is a process bf vliich combustible bodies deCMK^ 
pose oxygen gas, absorb its basef, and suffer its caloric to exapif 
in tbe state dP sensible beat. 

Are ail itdstamces ctfaUe tfheh^ himi ? 

No : some sabstances are comhnsrihlrt# odiers are inaMnbiil' 
tihie. 



* Larc'iskr md other Freoeh diyadstt delioed coahostioa to be the 
binition of any hody with oxygea. This dcfinitioo, however, has oeiy pm* 
periy been objected to| for there are enny instances of oxygen conihiaiif 
with a hody mnsttai prodocing coeabnition. Indeed,- this onioa m sonM* 
times effected when no oonsbufltion can possibly take place. Ozy|^ ofm 
combines with bo«fies v Hth oa t any extrication of'^hcat or light; bnt we neecry 
in cooraioD language, give the name of combostioa to any operation is which 
belt aod light are not hhcrated. 

f To rewicT the explanation of this process more oonspicnonsy' it may hi 
said, that oatygen exists in the state of gas in atnsosphcric air; that when it 
corabastible is heated to a certaia dcgtee, it possesses s«ch aa attiaction fe 
oxTgrOfl that it takes it from the air and fixes it ia a $oIid form; while the 
: :g:ht and caionc, the sfrfrcnts which gave it the gMeeas stale, escape aa^ 
diffuse thohseivrs among the snri ounding bodies. 

I The te«^ <'»«nbQsnblc b sppiicJ to every body diat is caaabk «f hciif 
^r--^: »n on i, an^, cooKqtKvisly, of oniting with itsbase. 
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i ' 4M^. 1S«3 €OMBU3TtOK. '$4^ 

How are combustible bodies classed by chymistsF 

Into simple combustibles, cothp6und cocnbilstibles, afad con1«» 
bustible oxides*. 

JF'bat do you mean by SIMPLE combustibles? 

Those combustible substances which have resisted every af^ 
temipt to decompose them^ are called simple combustiblesf. 

Endeaviur to enumerate the simple combustibles? 

The simple combustibles ^ith which we are acquainted are :^ 
liydrogehy sulphur, phosphorus, carbon, and all the metals, ex-* 
cept gold, silver, arid mercuryf. 

JlThat are COMPOUND combustibles? 

Compound combustibles are all such as ard fox'med by th^ 
union of two or more, of the simple combustibles^. Common^ 
coal is an instance of this combination||. 

What substances are there which are incombustible ? 

We are Acquainted with thirteen incombustible substances, vUr, , 



* The combustible oxides consist of combination! of the combustihtfr' 
bodies, which hive not undergone combusiidn, or their compounds, with 
oxygen. This cUsb of bod^en is very numerous^ as it includes the greater 

£ art of animal and vegetable substances. The great combustibility of com- 
QBtible ox-des i8 probably owing to the weaker a(Hn'ty by which their par- 
ticles are united. Hence, they are more easily separated than homogeneous 
particles, and of course combine mote readily with oxygen. Those simple 
eonabustibles which melt easily, or which are in the state of elastic fluids^ 
are also very combustible, because the cohesion between their particles ia 
easily overcome. Dr. Thomson, in Nicholsun^s Journal tor 1S02. 

f For an account oi the naLttr« and piopertict of the siniple combustibles^ 
see Chap. ix. page 170* 

X We may be satisfied that metals are really combustible, by repeating thd 
following simple and beautiful experiment ot Dr. Ingenhousz :«^<< Twist d 
a small iron wire into the form of a corkscrew> by rolling it round a small 
stick: fix. one end of it mto a cork (which will fit a glass jar previously filled 
with oxygen ga8}i and lap round the other end a small bit of cotton thread 
dipped in melted tallow. Set fire to the cotton, and plunge it while Burn-^ 
ing into the jar of oxygen gds. The wire will take fire from the cotton, 
hum with great brillianey, throwing out very vivid sparks in all directions. 
During the combustion, the iron combines with the oxygen which was in 
th« jar, and is converted into an oxide, with an augmentation in weight ot 
35 per cent.** Mr. Accum says, that a thick piece of iron or steel, such a$ 
^file, may be burned in oxygen gas, if it be made very sharp- pointed, and a 
small piece of wood be stuck upon its extremity and set fire to previous to its. 
being iromersed in the gas. The method of suspending the nletal in the ja^ 
may be seen in plat^ 4, fig. 17, of Lavoisiei^s Elements. 

§^ The compound combustibles dre arranged by Dr. Thomson iinder the 
five following heads : tst, sulphurets ; 2d, phosphu) ets ; 3d, carburets ; 4ih^ 
alloys ; 5th, sulphuretted, phosphuretted^ ^nd carburetted hydrogen. 

I Hydrogen and carbon, inti'nately united in the capillary tubes of vege** 
tables, form bitumens, oils, and resins, which^are compovnil combastibicti 
%tt Additional Notes, No. xxkIk. 
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. .i'.^^w.a'', the three alkalies, and the nine earthsf. 

IVhat IS the nature of combustion^.? 

Cj ni)ustion appears t9 be a double decomposition^, in whidk 
the conbustible and the supporter of combustion divide theqi- 
selves each into t«7o portions, which combine in pairs \ the one 
formin^jT the product, the other the fire which escapesQ. 

What do you mean by SUPPORTERS of combustion ? 

The substances which are called supporters of cotnbttstion are 
Hot of themselves combustible, but are necessary to th'e process; 
that is, no combustion can ever take place without oile or tfthdr 
of the supporters of combustion being pf esent^f. 

* Perhaps nitrogen m'ight be called a combustible bofcly, as by rtidins i)f i 
clcctr city it co>nbine.s wuh the base of o^tygen gas, forthirtg nrtrbtis Void. 

f Some of the alkalies and earths possess certain properties in corflmoA 
with combustibleHf and are capable of exhibiting phenomena somewhat am* 
logoiM to combustion. These have been described under the title oF siMt' 
combustion \ but fur particulars I must refer the reader to Dr. Thomson^B 
Theury of Combustion, in Nicholson^s Journal foriSoz. 

} Fu the old chym-8t8 the process of combustion was quite inexplicable; 
its nature indeed was not at alt understood till withn these thirty years. It 
is now known to be merely a play of atfinitieg between oxygen, light, ctlo* 
ric, and the ba^e of the combustible body. 

§ Dr. Thomson's account of combustion will convey a clear idea of this 
natural phenomenon to the reader.—" When a stone, ^or brick, is heated, it 
undergoes nocliange except an auirmentation of temperature^ and when left to 
itself It soon cools again, and becomes atf at first, fiot with , combustible 
bodies the case is very different. When heated to a certain degree in the 
open air, they suddenly become much hotter of themselves, continue for a 
considerable time intensely hot, sending out a copious stream of caloric'and 
light. Thi» emission after a certain period begins to dimmish ; and at last 
ceases altogether. The combustible body has now undergone a mo^t com- 
plete chsntre, it is converted into a substance possessing very different pro- 
perties, and no longer capable of combustion. The product is incombos- 
tibte, because its base being already saturated with oxygen cannot coflibin^ 
with any more. M. Lavoisier fully established the existence of this generail law 
— >t)iat < in every case of combustion oxygen combined with the bumiflg 
body.* Oxygen does not combine with a combustible body till its tempera- 
ture is raised } but when a combustible body is raised to a certain temperature, 
it begins to combine with the o.^ygen of the atmosphere, and this oxygen 
during Its combination lets go the caloric and light with which it waa coin- 
bintti while in its gaseous state.** Dr. Thomson. 

n The component parts of the oxvc^en which is furnished by the supporters 
of combustion are two, viz. oxygen and caloric : the component parts of all 
com ustibles are likewif^e two, viz. the base and lights If the two first are 
calltnl No. i and a ; and the two latter No. 3 and 4, the product of com- 
bustion will be formed by the union of No. 1 and 3, and the compound/which 
we cnll fire, will aiise from the combination of No. a and 4. Dr. Crichton, 
I believe, was the first chymisit who gave this view of combustion. In 
bis <'*)Mic lecture* he has long elucidated the theory, by many appropriate 
experiments. 

JFoi a fu ther eliKtdation of thi> subject, consult Dr. Thomson^a Essay 
ibustion in Mr. Nicholson^s fhiiosophical Journal for 1802. 



fVbai substances are deemed supporters of combustion ? 

There are only seven known supporters ot combustion, viz. 
o;^ygeD g^s*, atmospheric air, nitrous oxide, nitric oxide, nitric 
9Q|af » oxygenized muriatic acid, and byper-oxygenized muriatic 
acidf. 

What is it that imparts to these various bodies the peculiar property 
%f supporting combustion ? 

The principle common to all these substances is oxygen ; it is 
tt^tefpre to oxygen alon^$ that they are indebted for this pro- 
perty. 

Is it known how oxygen supports combustion ? 

The agency of oxygen in combustion is attributable to its 
affinity j| for combustible bodies. For whenever such bodies are 
ignited in circumstances favourable to combustion they absorb 
0}|^ygen from the atmospheric air, or other contiguous substances^ 
tiU the combustible is converted to an incombustible body. 



* If oxygen gas be forced out of a bhdder, or a gasometer, upon a piece 
pF ignited charcoal, the combustion will be so much increased, that the ligh( 
tJirown off will be too vivid for the eye to endure. 

f If nitric acid be mixed Yvith about half its weight of concentrated sul- 
fjiuric acid, and a little oil or turpentnie bp poured into the mixture, the 
wljiolci wfll imm^difitely bufst intoiiame. In this cj^periment it is the oxygen 
9f the njtn'c ac|d which promotes the combustion. 

X To the above list of supporters might be added water i for it is well 
known that water in many cases promotes and accelerates combustion. It 
appears that the ancients were acquainted with this property of water : hence 
(be invention of the seolipyle, which was much in use tormeily, Dr. Piott, 
in page 4.33 of his History of StaiFordshire, mention^ a curioys instance of 
the employment of this instrument. He says, that the lord of the manor of 
Eflington is bound by his tenure to driv;:^ d- mestic fowl eveiy ntw-y. ai*Sw 
My three times round the Bre in the hall pf rhe lord of Hilton, while Jac. of 
Hilton (a braxen figure having the structure of an xolipyic) blows the hie. J 
believe this grotesque 6gu re is still preserved at Hiltoii j a drawing ot ii n.ay 
be seen in the thirty-third plate of Plott*s SufFordshir^. The Heathen 
priesthood employed this instrument in woiking ^ham miracles. Some of 
the aiieient Saxon and German idols were of this ^unstructipp. See Vuci- 
bulary, 9iriic\e JSoiipjle, 

I A$ oxygen gas contains that caloric which i» liberated during combus- 
k tiQUy we have reason to suppose that all the buppoiters of combustion contain 

caloric combined with their oxygen, a§ an essential ingredient in their com- 
potttion, 

II Combustion, lik.^ all other chymicai prc:ce$se», may be explained by die 
laws of chymica) affinity. The comb^istible having a gieattrr afiinity to 
oxygen thafi oxygen has to caloric, the oxygen ;;as is decomposed, and its 
oxygen combines with the ignited body, while its caloric becoming tree 
produces the heat which is diffuf^.ed among the surrounding bodies. A^ the 
oxygen unites with the combustible, it becomes more denize thrm ii was wncn, 
IB the state of gas, consequently it has Icgp capacity for caloiic than it had; 
a portion of it therefore must be ;:iven our before the oxyg,eii can cymbme 
with the new substance that attracts it from its former coiubination. 
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^Jli coacBOSTioM. j[Ciap. 12;' 

From whence proceeds the heat which tve observe during comhis* 
turn? 

In general, the heat produced by combustion arises firom the 
oxygen gas of the atmosphere* ; for, as the oxygen comfaines 
vith the combustible body, it disengages the caloric which it 
held when in the state of atmospheric 2Xt. 

Can you explain this operation %uith more precision f 

The act of combustion effects a real analysis of atmoqiheric 
air ; for while the oxygen combines with the combustible, the 
caloric, in the form of sensible heat, is thrown oflF in eveiy di« 
rectioo. 

Does this account fqr the long continued heat which we experience in 
ivery common comlfustionr' 

Whenever we burn a combustible body in order to procure 
heat, a continued stream of atmospheric air flows towards the 
£re-placef to occupy the vacancy left by the air that has under- 
gone decomposition, and which in its turn becomes decomposed 
also):. Hf nee a supply of qdoric is furnished, without intermix- 
sioD, till the whole of the combustible is saturated with oxygei), 

What other effects are produced by combustion? 

As the combustible burns, light is disengaged, and the more 
3ubtile parts of the combustible, now converted by caloric iniD 
gas, are dissipated in that state $. When the combustion is ovwi 
pothing remains but the earthy paits of the combustible, and 

* Though every case of combustion requires that heat should be evolvdi 
yet this process proceeds very diflferently <n diiferent circumstances. Hence 
the terms ignition ^ injfammaiion, ifetonation, &c. 

f On some parts ot the continent their rooms are warmed by stoves wbidi 
have abh-pitH without, »o that the combustion is kept up by air wfaich hsi 
no connection with the air of the room. The consequence of this is, tbat 
the air of the room is not contaminated, and the persons who occupy it are 
not subject tu the inconvenience of those cold draughts of air which render 
some o^ uur rooms that have large fire-places dangerous and unheajtfay. 

I The Aigand*s lamp is constfuct^d upon this principle^ that a current 
of air ha-.(eiii combustion I for in consequence of this perpetual supp.y of 
oxygen the air ii lenewed every moment^arid produces heat eufficient tirboni 
the smoke as it is formed. The smoke which arises from a comuioii fireil 
chiLfly wattr in the >.tate of vapour^ with a mixture of carburetted hydrogen 
and bituniinoub itubitanceB ; part of which water comes from the moistuieof 
tlie iut\ i the other part ts formed during combustion, by the union of the 
hydiogin of the combuktible with the oxygen of the atmosphere. What 
goes forward in a common fire- place would furnish ao intelligent parent 
with matter for several interesting conversations, which could not fail to 
ie the curiosity and engage the attention cf his pupil. See Add. Notei, 
cvi. 

art of the caloric which is furnished by the supporters of combustioo 
lily combines with parr of the combustible, and couverts it into g95) 
been beuatifuJly expressed by Dr. Parwin-jvi^ - 
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that pordon which is converted to an oxide or an acid by the 
process*. 

From tvhence proceeds the light which you say is disengaged during 
tomhistion^ 

It is now generally supposed that the light and flame which 
appear during this process proceed from the combustible bodyf : 
though some chymists imagine that the light comes in part from 
the decomposition of atmospheric air|. 

What is the origin of light 'r 

Light, which is an extremely attenuated fluid matter, is con* 
Btantly transmitted from the sun to the earth$. It is also found 

Thus heat from chymtc dissolution springs. 
And gives to matter its eccentric wings } 
With strong repulsion parts the exploding mass. 
Melts into lymph, or Jundlcs into gas. 

^ The products of combustion arc always either njcater^ an cxide^ or an 
dcid, 

\ If the light arose from the decomposition of oxygen gas, thof-e com- 
bustibles whiph decompose Qiost oxvgen gas would give out roost light ; but 
fbis is not the case. Hydrogen in burning combines with more ox}gerr 
than any other body, and gives out more heat \ yet the light is barely per- 
ceptible. Several instances might be adduced, in which the quantity of 
oxygen combining with the combustible, during this process* is greatest 
where the light is smallest. See Add. Notes, No. xlii. and xliii. 

**• That a great part of the light comes froni the combustible, is evident 
from the colour of the light generally vary'fig according to the nature of the 
OMiibustible. Carbonic acid burns with a blue flame, carburetted hydrogen 
with a white, charcoal with a red, and sulphur with blue or violet.** Dr.. 
Tfiomson. That lime contains light is well known. If quick lime be 
slacked in the d;irk the liberation of light will be very evident. That 
light 18 a real substance^ 9nd can become concentrated in boii;es, is evident 
ffom the properties of phosphorus. But it may be satisfactorily shown by 
shutting a person up in a dark room, and directing him to put one of his 
faandaout for a short time into the 8un*s rays, and then to draw it back into 
the dark room, when he will be 9ble tp see that hand distinctly, and not the 
other. See Add. Notes, No. xxiv. 

X The following fact seems to prove that atmospheric air contains light. 
Some time ago a soldier in the French army found that heat was produced 
by the condensation of the air in an air-gun. The experiment has lately 
been repeated before the National Institpte. If the air be very rapidly cum- 
pret*rcd, heat is disengaged by the first stroke of the piston, sufficient to set 
fire to a piece of fungus match placed within the pump. If the end of the 
pump be furnished whh a glass lens which admits of the inside being seen, 
•Ht the first stroke of the piston a ray of ivi'vid bridiant light will be peiceiv- 
ed. See Note, page 83—84. 

§ Light is transmitted to us from the sun, actompanied ■ with caloric, in 
little more than eight minutes, which is a vdocity almost equal to 200,000 
miles in a second of time } but the rays of light and the rays of caloric are 
distinct from each other. It has been demonstrated that some rays fiom th^ 
sai| produce heat, which have no^owei of communicating light.. For % 
fcrtber elucidaiioii of this subject stp a paper by Pr. Herschtri in the fh** 
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::r..u2ei with several tCTresznsd sutntznces*. 

.' •.;.- -• :h nature c^ hgr.t r 

_^ac s 1 peculbi: subsuncey the nature of which is little un- 
r-::.j..-; but it possesses several very singular and striking 
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,. "■ -..iric: cr.?, and an ?ccouDt of the expenments of Sir Hepr}' 

... <« ::u z:%i volupie of the Juurnals ot ihe Royal In&titution. 

.. - -J i;. 1 wul :i)){>ear truly astonishing, when wecopsider thara 

:.. . :utv=..:!^ with the same velocity that it acquires when first 

:jl .^ :uiaii«» wouiJ be niorc tha^i thirty years in arrivipg at tbis 

^ : . -:':.r*>: cf entering into bodies, and of being afterwards extri- 

- -tv -i> : v-^Ation. It also cuinbincs with them, and forms one 

I . n r»b'.ts. On this subject consult Pr. Hulmt*s paper in 

r. .-.. V-uri^actiuns IW 1800 ai.d 1801 ; Dr. HeischtJ^s |apti m 

-: \<^. ^«^£lllc^| ;nid Dr. "^ ollafton^s in the \olun.e foi iSca ; 

*.-<-mr« intriikting. See aUo Mi. Hcnry*8 obseivatior.i in 

rv ■\H NSanchc.stei ^.cir.oiis. l*i(.m the following beautiful 

. «. 1*. «ii«t 'V l.i^ht, ihiic IS vouiC reason to imaf^ine, that even in 

. k ..-. r.i>> «-v;«itaircd of li^ht being latent in boaies :— 

«j-, W>A l»^t ! offspring of Heaven first bom, 
>■ ii ■*'* S'.cipaI fo-ctrihal bcant, 
*-njti <'*^,vnc< ct bii-ihi essence ir.create-p- 
•^. Vf'«-* «^h<» shall tell? Bet. ir the sun» 
t%.%,^ \i ^<\\tr% tK«u wen \ ard at the voice 
** x\v . »* V I*'. * i",triie diiis: iincst 
"v * ♦< wvd ct wji:ci< tU;k iLiui Jeep. 

_.. V,-. v.* v»», >xv ! 3:^l to be ."^ svbfiar.ce conEisting of small 
^.... .V v» ^« X •';: ten* ii.n*«i ou? hcciis, moving in j/z^ii^A; 

, Kv«.x ." r,'v* ^\ jMffT;: Ticm ir.tn» and u.te:ir£ the 

^ ^. . x» V N'N. •*-•% .«cc»* **'«» ^* •*"• *»'• ^^^ is.nown propeities 
. .s », ,' . vr;*:*-, ?rri»:i cr, &c. ot its ia}S, may 

t ^^ » . X ^ » , »'\'> >\^nr *:! i. ".-.tmicil Kncwled^t, aed 
• . »» »\ >*,*v.v: K;r.:*:J, in ihe Philosophical 



X Nv « * s ,»>,»;• ,»:'.-: TiTs cf difieicni ccl&wt. 

* ... ^s , ,v *», w'.-'i'> AP*:ytr. whiJc th«y reflect the 
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K V K* , ' s *N v; ■> •: ^..■*:Te^. A red bodj, for 

t-v .,., «:«.^ V !< :■5■^!, A whi'e body icficcii 

,.v .» N . *»^ s * >»«v x-v^. en theconirai>, abfubs 

.*;v -«s /• r« w* "-^ in.- k.c. «• that It Jighi had 

-« . v.-..*v^. - X-. . <-.ss . ^i»* ^ftrol cr.c Uniterm coiourj 

^ sM^ ^^--^-^ vN-vx^v v»* <«, 'A«* .:..:^k:.i!x ..tc«.,M.i> which II 

" >- N s>* * ..V V* »N . V- ■-. . .-». t , -^ £^b»ecif ; which adds io 

^^^ .V. wKKv. .. %vNv-s-^ XV 5..',- Now, No.xjiv. ItaJ5» 

'^ y. ,* V XV - . -o V » • '.^« mrta.i»f omdei, bycoBi- 

■-"^ir ' ,.' . ,.> .: v.r; wir.gr to fly i-fl in tb« 

^* I ^v*^ K »^-'x .V >%^ar o- a^so;«llg iigbt and £iT;Bgit 
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ts ^heffei^hce tf etMospheric air fiecessary tt> colf^ustioH f 

Cotnbustion cannot take palace iti a tacnnm ; no combustible 
\ioAj can bum withoiit atmospheric air, or at least without oxy- 
gen, which is a component part of atmospheric inr*. 

in HVk'dt do cmffUstihle bodies differ frdm eati other ? 

Cortibustiblfe bodies differ frbm each other principally in the 
rapidity with Which they absorb oxygcfn, and m the proportion 
of it which theyf can take up, to fotm the new compound. 

What is the ^eCt of theie pr^erties in the act ^ combustion P 

The greater the portion of oxygen gas which any combustible 
body is capable of decomposing, the greater 'will be the heat 
which is produced during combustion. 

How is it known that oxygen unites with the c'Omiuiti^le body in the 
'met of hirnin^ ? 

If a combustible substance biS burnt hi a sufllcient quantity of 
vital air in a close vessel, and the product preserved, the whole 
will be fbund to be increased in weighty exactly in proportion to 
tbe vital air consumed ; and the combustible l)ody will then havew 
become incombustible}. 

What is the cause of a body be^foming thus incombustible F 

Because when a body is fulfy burnt it is saturated with oxygen*; 
at least as far as combustion can saturate it ; it therefore cannot 
combine ^th any more : but some bodies may be rendered com- 

*' Sweet child of stillness, midst the awful calm 
Of pausing naturi; thou art pleased to dwell, 
In happy silenctf to enjoy thy balm, 
And shed throtlgh life a lustre round thy cell.** 

Dr. Walcott. 

ki tlic Asiatic Antiual Register for 1802, we are told that there is a sprlr- 
i'pW df Hindostan which has the instinct to lii^ht up its nest in the night- 
time withglbw-worniit, which li collects for this purpose ; and that it attach- 
^ them to the inside of its nest by means of a tenacious kind of clay. See 
Add. Notes, No. xli. 

• This nlay be denionstrated by placing a lighted candle under a glass jar, 
inserted upon A plate of w^ter. It will be seen that the candle will go out as 
toon as it has consumed all the •>xv>ren contained in the included air. 

"f Almdst all the simple substances are capable of combining wiih 3 doses 
tf oxygeiii Thus sulphur forms oxide of sulphur, sulphurous acid, and 
■ttlphuric acid. Phoaphoru^ forins oxide of phosphorus, phosphorous acid, 
imd phosphoric acid. Carbon fdrms carbonous oxide caibonic oxide, and 
(Darbonic acid. When these simple combustibles are united, the combina- 
lions areknowii by names ending in tiret, as sulphuret of phosphorus, phos- 
fllliiiret -of sulphur, &c. Dr. Thomson. 

J rhosphorus is an eminent instance *>f this increase by combustion. IF 
an ounce of phospliorus be properly inflamed, it will produce at least one 
ouiice and a half of solid phosphoric acid. 

.^§ A series of curious experiments 6f this kind may be seen in tavoi?* 
Chymicar Elements. 4 
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bustible again, bj depriving thetn of the oxygen which they ab- 
sorbed in their former combustion*. 

In the decomposition of atmospheric air hy comhu(tion, what heeomes 
ijfthe nitrogen gas T 

As the oxygen becomes fix^d in the combustible body» its ci- 
loric is disengaged ; part of which combines with the nitrogeni 
and carries it ofl^in the form of rarefied nitrogen gas< 

What chymUal name is given to burnt bodies f 

Such substances are said to be opiygenized, or oxidizeJ ; that k, 
changed into acidsf or oxides. 

Does the oxygen became fixed in alt combustible bodies when burnt? 

It is a characteristic property of the combustible body to form 
a chymical combination with the oxygen, which is furnished by 
the supporters of co.nbustion. The oxygen acquires such density 
by this process^ that it is often extremely difficult to separate it 
againf. 

Is it possible to separate entirely the oxygen from burnt bodies ? 

Yes : bodies inay be deoxidized in various waysj: ; and in some 
cases the oxygen tnay be transferred from the burnt body to a 
fresh combustible body» and be made the means of producing a 
frosh combustion^ \ or it may in many cases be completely sepa* 

* ^* rhU vif \T of comh\uti<£^n ^xuhoritetus to divide almost all the pro* 
*luot»oi\* of «Atw«>» irtio lAV ^i4\ul c«a»««$ \ one of combustible bodies, th* 
y\\\\^\ y\i \\\v\\tt A\\t\y\\ fft^jt; c it^ ihc A \$^»c« AwA actioi) of the former we dii- 
rrtn th« CAM^rt «>f inllAmiiuM^ m<^«\\rt» the perpetual alteration of the sar- 
itk<t \A \\\t t^\\\ voKMno<*» ;^.\ i in the existence of the latter we perceive 
th^ »\MMve ot the numh<T **k< K^y^riiitv of ^cids« saline compounds, oxides# 
M\A mrt,iUic «;iUs whK'h vaiv in a tWisindwayl the appeal^nce of orei^ 

\ When \mI i* han\t in An A*^^nJN Ump, its cirhan unites with the ox- 
\j\onot iho At«n%^>,xhnv« auxI t^vrn* <ArSomc »cid gas ; while its hydrogea 
wnite* with \noth«i )vi*;um\ x*t >*tvjx<'n^ ^^n*^ KMtns waier. Every lOo ouncts 
ot %mI th«i<ihnini )U>vI\k# \ \^ ^^^^n<v« x^f \vAj<r. In these products of com- 
?M»<t' ^1 tho o\V:*frt «* n^M\* »^t^'Wwlv vN\\i>xnevl thin it was with caloric in 
tho .: .^.ou'i ^Ui*". H?>^cv w* i«\«>Ar )At A 'VAVtiful series of changes and mO- 
^ViSciMMSOx* cic^unu ^f i^Atit^* Ai\«' v(i^Vx-:A<sl t^ undergo. And how admira- 
l»'v ^il:\uv^*A^Mvvl.U^* toi tNe p>**<^5tA5\sv> ^^t iU her productions. 

r.ut t^c^^M\^«*^..\,\ >\t ^Un\> %{ ^H\vl>u>fv! \x tr^r was known in the lime of 
i^vViS^^vf, Kx \Mvsc.u«n< A x\^ I Vx-so*; K\ i,v dineot alcohol he collected 
w Ate xvitS.^jt u>:,* *xr t n,*5K An \ »n ^wit ^;^|f<-.'i like distilled water. 

I vVi:?; U A iMwIn.*: o? CxM^S,ut ,^'»» \\V>« S*$e is hydrogen, the moit 
von^;i^:jh!e sab*:.\nc<' w^f art A?v;ttJus:fA w th. To rrstore the combustibi- 
■ ?v .^? ;v h\.:K^j*;*.\» w;^ hAvf x%« \ r.^ j^Vt^^^* j^^ x^^cv^en ; wh:ch may rcadi- 
*v ^f d»^ne, by n> xi li; m»n -.^ « •i^- n^xrt^* a^kI ^w:;«hurtc acid with the water ; 
1 If .nrtAl V\%vtic* >>\ duis?^ *Rd •v* V.!\>J^:;'* ^a$ ;s evolved as combustible 

^ I v^. e-v'o. A'>; rj^nw *n*? vit?-N% w' ■ Nm:* wtith flvme when heated 
w . V o\»X* *! 'iv^vtiM. Po;»^\:: iV ,\vfA*xM thev ttrACt I he oxygen frorti 
^""^ '*^* *"- ^>*.>rS *i in A W-^ >^s* :\v T'. Kvtbis process the com- 
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^atedy and shown in its primitive or gaseous state'^. 

What part ofbolies is it which is destroyed by ccmbusticn ? 

No part that we know of; We have reason to think that eve- 
ry particle of matter is indestructible, and that the process of 
combustion f merely decomposes the body, and sets its several 
component parts at liberty to separate from each other, and to 
form new and varied combinations^. 

What is the natural inference from this interesting fact ? 

The natural conclusion is, that nothing less than consummate 
wisdom could have devised so beautiful a svstem, and that no- 
thing short of infinite power could have so modified matter as to 
subject it to the operation of such laws — laws that efiect so many 
desirable purposes, and at the same time sO efiectually prevent 
the destruction of those elementary principles which are actually 
essential to the preservation of the world}. 

bustible property of the mercury is re tio< ed to it. Before this, it was aH If!- 
tombustiole substance, rendered so by its union with oxygen, and thelos^ 
of its light; 

* This is frequently dore for the purpose of procurine: oxygen ^s. Th« 
oxides of manganese, or the oxides of mercury, nre exported to a proper de- 
gree of heat, and the gas received in a'proper apparatus i^ it is eXtrcated. 

f The following concise account of the theory of Combustion I copy troni 
Bertiioiier, as it explains this process in a way too plain to be mi<i\iDder8tood4 
*^ When bodies are burnt, none of their principles are destroyed ; they had 
previously formed together one lend of compound, and they now separate 
from each other, at the hig^h temperature to wHich they are exposed, in order 
to form others* with the vital air in contact with them ; such of (he princi- 
ples as cannot unite with the vital air, that is the earth, some saline and some- 
metallic particles, co^npose t(ie cinder. Tne new compounds formed,- ^rr 
carbonic acid, or fixed air and water ; the proportion of these varies accord^ 
ing to the prbj^ortion of the carbonic particles^ and of the hydrogen that had 
been contained in the inflimmable body.** Vol. i. page 163., 

\ ** It WHS said of old that the Creator nueigbed the dust, and mcasurea the. 
Water when he niade the world. T^tjirst quantity is here still '^ and though 
man can gather and scatter, move, mix and unmix, yet he can destroy no- 
thing : the piitrefaction of one thing is a preparation for the beingi and the' 
bloom, and the beauty of another. Something gathers up all fragments/ 
arid nothing is lost.** Robinson. See Add. Note^, No. xxxvii. 

§ The indestructibdity of matter is beautifully expressed in the foUcWiii^ 
iincs by Dr. Dkrwin i-^ 

"' Hence when a irioiiarch or a ihusnroom dies, 
Awhile extinct the organic matter tied ; 
But, as a few short hours or years revolve, 
Aichymic powers the cban|;ing mass dissolve ; 
Emeiging matter fioiii the grave returns^ 
Feels new desires, wfth new sensations burns ^ 
With youth's first bloom a finer sense acquires^ .. 
And LOVES and pleasures fan the rising fxre^'' 
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CHAPTER Xm. 

01' AIIKACnoV, REPULSION, AKD CHY^ 

MICAL AFFINITY. 



Arimcfion i« Hn unknown forcfi #hicli causes bodies to ip- 
\m\M\\ diich otli^rf. 

H^liifh ar0 tht most obvious imtanctt of attraction ? 

Till* grfiviution of bodies to the earth; that of the ptanett 
towards each other^i and the attractions of electricity and Aufr 
iieritim. 

Are yoH acquainted with ether instances of attraction? 

Yes ; attraotion subsists between the particles § of bocUes; aiid 



* In compiling thii chspier, I hive availed myself not only of Dr. 
fton'i and otiitr nystemii ojF chymiHtryi but alio of Dr, Duiican^t Intnl 
tu the New Ediiihiiigh Phai macopceia. 

f Atiiaction haa, by homt pniluiupheriy been attributed to an inheicdt 
nrupai ty of nuttert and by othera to the influence of sovai fordgn ageat 
Th» tuimei ii perhapi the m6it probable ttupputrtion. 

I 8ii Ibaac Ntwtun dimonatrated^ that the planetary attraction is the tame' 
principle ai gruviiation. Tu this principle we are indebted for the pctio- 
dictil flux and reflux of the tides> and for other important opersKioas if 
nature. 

For this the moon thru* hea¥*n*s blue concave glides. 
And into motion charms th* expanding tides; 
While earth impetuous round her axle rolls, 
Exalts her watVy zone, and sinks the poles. 

Falcohbs. 

§ If common flowers of sulphur and potash be mixed aiod thrown into 
water, ihe sulphur will separate ; but U thev be previously melted together, 
the union will then be perfrctj for the molecuir will be intimately combined, 
aiiil the c^ 1 if treated with water will be completely soluble. The 

dcki^n r eiiment is to show that thy mica) affinity has no sensible 

action^* ementary moleculst ot bodies. 
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it is this kind of attraction which comes under the more imme- 
diate cognisance of chymists*. 

How U this hind of attraction defined in cbjmical language f 
Whenever the force of attraaion operates between particles 
of the same species, it is called the attraction of c<]hemn\^ or the 
attraction of aggregation} but when between the particles of dif- 
ferent substances, it is called the attraction of amposition^ or chy* 
mical affinitjX. 

Can you explain with more precision what is meant by qttrqction of 
aggregation^? 

* Ail the operations of chTmittry are founded oq the force of attraction 
which nature bab established between the particlet of bodies* and by which 
force all bodies cohere. The art of chymibtry employs different means to 
destroy this attraction of cohesion, and to form freih substances by tht 
me^n^ of ne>v attractions. Take silex as an instances— In this earth the 
attraction of cohesion is so strong that the most powerful acids, (one excep* 
ted) have no action upon il. But if the strength ot this cotiesion be broken 
by fusing it with an. alkali, it tl^en becomes obedient to some of the other 
acids, and n^ay be held jn solutipn by them. 

f It is from the attraction of cohesion that vfater in f^rops is always sphe- 
ricai, and that small particles of quicksiUef are constantly of a globular 
figure. In consequence of the same species of attraction, particles of water 
and other liquids ascend in capillary tubes. If a small plate uf glass be 
laid upon a globule of mercury, the glonule, notwithstanding the pressure, 
continues to preserve i^s round figure. If the plate be gradually charged 
with weights one after aiiother, the mercury becomes thinnei and thinner; 
but as soon as the weights are removed, it recovcfs its globular figure again, 
an4 pushes up the glass before it. 

X A piece of loaf sugar broken into fine powder, or water in the state of 
vapour by heat, is said to have its attraction of ag^rregation broken \ but th^ 
smallest atom of tl^e ponder is ftill su^^ir, as is the most trifling portion of 
the vapour to be considered as ^ part of the water. In ord^r to exemplify 
the latter kind of attraction, a little caustic soda may be put into a glass, 
and muriatic acid added to it. Both these are corrosive substances \ but the 
comp 'Und resulting froni them will be found to be our common culinary 
salt. An instance this^ of two heterogeneous bodie?) producing by their 
action on each other a distinct i^ubManpe, possessing the properties of neither 
oi the bodies which compose it. See A'Icl* Noces, No. vii. Also several 
iosiances of chymical afi^ntty in the chapter of Amuoing Experiment>. 

If several salts be dissolved in the same water, when the\ crystallize, each 
particle will find its own kind by a sort of innate polarity. To pri^vc this, 
diss')lve half a pound uf sulphate of copptr and an equal weight ot crystals 
of nitrate of poiash in separate quantities of boiling waier; pour them to- 
gethei while hot into a fiat pan, apd when the water has evaporated a little 
the *^z\u will shoot :<— the sulphate of copper altogether in blue, the nitre in 
white rjstaU, the same as before they were dissolved. Walker. 

§ There are different kinds of aggregation, vi^ solid, soft, liquid, and 
gtRCous. A stone is an instance of the first, jelly of the second, water of 
the third, and atmospheric air of the last 

If we carefully notice two smill particles of mercury while gently moved 
ato.ig ) s>nooth surface tdward^ each other, a m-^itual attraction of owit to the 
other 'vlll be very evident at the moment of their union into one globule. Two 
small piece oi co<'k fl >ating :n a hason of water, it not neMCi to 
than to each othc;, will visibly approach, and at last come into conti 
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The particles of all bodies are possessed of the inherent pro-i 
perty of attracting each other, which causes them to adhere» an4. 
preserves the various substances around us from filing in. pieces. 
The nature of this wonderful property is entirely unknown. 

Wiat do you understand by attraction of composition^ or chymcd . 
affinity y 

' The particles of every simple substance have not only an at- 
traction among themselves, forming the aggregation of tha| 
lH>dy or substance \ but they have also another attraction to such 
other substance^ with which they have an s>ffinity ; and, whei^^ 
presented, unite to them, and form a new compound*. 

What are the latvs oj chymical aff^nity\ir 

Chymical affinity can only e^ist between the particles of op^ 
posite and distinct spbstances; and this species of attraction is 
exerted with different force, according to the nature of such 
substances, and. frequently in proportion to the mass. Most 
bodies combine only in certain prpportions:^ x- — the new combi* 
pations acquire new properties §, and are incapable of separation 
by ipechanical ipe^s* 

The force of the attraction of aggregation in soliiS bodies may be mea- 
sured b> the vrei ht necessary to ovciC' me it. Thus if a rod of metal, gla^s, 
wood, &C-. be siigpendcd in a perpradicular direction, and weights be attached 
to it» lower eztreinity't 11 the rod ib broken by them, the weight attached to 
|he rod just befrc it b oke ik the mc;a».»ie f tht* cohesive torce of the rod* 

^ This power was by He* gman called //^r//z/^ attraction, supposing mat- 
ter to be endued with the ability to chouse with which substances it will 

m _ 

-unite, and whtch not, Cbjmical ffjjinity is a more definite term, and is now 
in general u»e. 

Those substances which are capable cf uniting, are said to have a chymi- 
cal affinity for each other; those witich do nur foim a chymical union, are 
said to have no affinity. The >varted influence of this property ot matter 
may be at ribiited by liic atheist to chancer but the mrin of sober reflection, 
who allowk tiie evidence of a mass ot facts to have its natural influence upon 
liis mmd, will be persuaded that chymical aflinity can neither be ascribed to 
accident, nor to a necessity in the nature of things ; foi perceiving that the 
woilcs of nature and art are all governed by this astonishing principle, he 
will attribute the whole to the contrivance, to the wisdom, and to the good* 
ness of an intelligent Agent, who has varied its operation in a thousand ways, 
\o suit the designs of his beneficence, and to promote different and distinct 
purposes of utility and hapjiiness. 

t There are several laws of chymical affinity j but these may be studied 
with more efi^ect when the first elements of the science are understood. They 
a»:c wCil explained by Thomson, Fourcroy, and others. 

X Thus oxygen and hydrogen combine only in one proportion, and the 
result is water. Nitrogen and hydrogen combine only in one proportion^ 
and ammonia is the result. 

§ If we mch together equal quantities of tin and iron, two malleable and 
ductilt the compoxind pioduced will have totally lost the properties 

whicjf lent parts possessed before thcii union ; for the alloy formed 

^A^f little metal. If liquid ammonia and muriatic acid, botl^ 
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How an the different kinds of chytmcal aj^nity distinguished? 

Chymical affinity is of three kinds^ viz. simple affinity^ com- 
pound affinity, and disposing affinity. 

What is simple affinity ? 

When two substances unite merely in consequence of their 
mutual attraction, they are said to combine by virtue of simple 
affinity*. 

What is compound affinity ? 
^ The action of two compound substances whereby they 
mutually decompose e^h othpr, and produce two or more 
|iew compoundsf. 

fluids cf a strong odour, be mixed in proper proportions, a fluid will be pro- 
duced entirely devoid of smell, viz. muriate of apiroonia. 

If nitrate of ammonia and sulphate of ^.oda, both in crystals, be rubbed 
together in a stone mortar in equal proportion, the mixture will be converted 
to a fluid. 

* The following experiments will serve to exemplify some cases of simple 
' gfiinity :*— Take a portion of acetate of soda; pour muriatic acid upon it in 
a retort, and distij it to dryness. The acetic acid will be expelled, and the 
muriatic acid will be found in .combination with the soda, united so strongly 
that the most intense heat will not be able to separate it. This effect it) > 
owipg \q the soda having a greater affinity for muriatic acid than it has for 
the acetic. If a portion of pitrtc acid be now added to the muriate of soda, 
and heat applied, the muriatic acid will be again disengaged, and the nitric 
j^cid will be in possession of the soda. If to the nitrate of soda, sulphuric 
acid be added, and these exposed to a due degree of heat, the nitric acid will 
be expelled, and the sulphuric acid will be in possession of the alkali, form- 
ing a true sulphate of soda. These changes all take place in consequence of 
chymical affinity. O^ing to tl)is affinity acetic acid combines with soda, 
aod forms a salt called acetate pf soda ; bi|t muriatic, nitric, and sulphuric 
acid, have each of them a stronger: a^nity for soda, and their respective affi* 
fiities are in the order in which they have been named. 

*!* If into a solution of sulphatf of ammonia there be poured nitric acid, 
no decomposition is produce^, because the sulphuric acid has a stronger 
affinity for ammonia than nitric acid has. But if a solution of nitrate of 
potash be poured in, we obtain by evaporation two new bodies, iulpbate of 
potash and titrate of ammonia* In this case, the sulphuric acid of the 
sulphate of ammonia attracts the potash of the nitrate of potash, at the same 
time that the ammonia attracts the nitric acid ; and to the agency of these 
united affinities the double decomposition must be attributed. The mannei- 
in which these combinations take place was thus explained by Dr. Black i— • 
. Let the affinity between potash and sulphuric acid be »= 62 $ that between 
nitric acid and ammonia == 38 i that between nitric acid and potash == 50 ; 
and that between the sulphuric acid and ammonia x=s 46. Now, let us sup- 
pose that all these forces are placed so as to draw the ends of two cylinders 
crossing one another, and fixed in the middle in this (nanner : 
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What do you mean by disposing affinity? 

When bodies, which apparently haVe no tendency to ttnite of 
themselves, combine in consequence of the addition of anotliif 
substance which has a strong affinity for the compQundy the 
union is said to be produced by means of disposing affinity. 

What other terms are employed on the subject of chymicdl e^isMisf 

There are what are called quiescent attractions, apd di%^ent 
attractions. 

What do you mean bv quiescent attractions? 

When two or more bodies are presimted to each other, the 
attractions which tend to preserve their original atrrapgfi^nt <ff 
parts are denominated the quiescent affinities*. 



Potash CO N« acid 




6z j\ 3g««i6o 



Sulph. acid 46 Ammonia 

96 

It is evident, that as 6z and 38 ob 100 are grater thsga $q^^ am^ 
they would overcome the other forces, and shut the cylinders. 

In bke manner acetate of alumine, wh'ch is used by the dyers and calico- 
printers, cannot be formed by the direct mixttire ot its component parts $ for 
acetic acid exerts no action upon alumine, however its parts may be 
divi.led by mechanical means. But if I mix sulphate of alumine with ace- 
tate of lead, a mutual decomposition will take place, and the article I require 
will he produced. 

If concentrated nitric acid be poured upon iron no union will take place. 
The component parts of the nitnc acid have so great an affinity for each other 
that the iron has no power to effect a decomposition. But if a ffw <|rpp8 of 
water be added, the union between the oxygen and nitrogen of the nitric 
acid will be weakened, part of its oxygen will combine with the iron, a 
violent action will take place, clouds of nitrous gas will be disengaged i& 
abundance, and the iron will soon be entirely dissolved in the aci^. 

* If a solution of nitrate of silver be poured into solution of muriate of 
soda, two new substances will be formed, vi . nitrate of soda, and muriate 
cf silver; the latter of which, being insoluble in water, will be precipita- 
ted in a solid form. In this experiment the affinity of the nitric acid to the 
silver, and the muriatic acid to the soda are thr quiescent affinities; whereat 
the afl| ^ the nitric acid to the soda\ and the muriatic acid to the silver 

are J^ tt affinities. 

, ^ w arrangement of parts in any mixture can take place, unless 

di ion exist. 

/ 
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• 

What is mant by. dheUeut affinities f ^ 

Those attractioQs which tead to destroy the Original com- 
Iiouad, and to form new arrangecnents, are called the divellent 
afiSntties. 

What advantage do we derive from the study of chymical affimtiesf 

From all that has hitherto been explained this seems to be 
heyond doubt the most important part of chymistry \ for it is 
only from a thorough kndwledge of the afiinities which different 
substances have for each dther, that we shall ever attain a com- 
plete analysis of every thing which nature has afforded us. 

Horn, should, a pufil proceed t6 acquire what seems so essential to 
(^mistryr^Hi hnowU^ of these affinities? 

He must practise as well as study the various tables of affini- 
ties ot* BergLnan» Pearson, and others. The original tables were 
compiled by Geoffiroy,. near a century sfgo. 

How are chymical affinities not^d in these tables^ f 

Among the affinities of any substance, there is generally at least one pecu^ 
liar to that subscance which stamps it as one of its |;eneric Characters ; and 
it 18 of the utmost importance to the ttOdent to impriht these characte- 
ristics upon his min(i» in the most early stage of his progress, as often as he 
happens to meet with them. It is these predominating affinities which are 
more particularly serviceable in the classification of the chymical properties 
«ff diflferent substances, and of the chymical phenomena derived from them. 
Thus affinity for oxygen distinguishes inflamm ible substarices ; and the re- 
ciprocal affinity of acids and alkalies constitute acidity and alkalinity. 
Itius barytes has a peculiar affinity for sulphuric acid, and lime for toe 
dxalic acid, 5cc. 

* The following single example may serve as a specimen of the tables of 
affinities, and will be sufficient to explain the nature uf all others. Let the 
question be sulphjuric acidj and it. will be formed thus t^ii*- 

SULPHURIC ACI0. 



Barytes. 

Strontian, 

Potash. 

Soda. 

Lime. 

Magnesia* 

Ammonia. 

Alumine, 

Metallic oxides. 

Water. 

Alcohli 



'I'he foregotng table is designed to show that barytes has the strongest 
affinity for sulphuric acid, and alcoHol the weakest $ actual experiment will 
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The name of the substance whose affinities are required is al- 
ways placed at the head of the colutnn, and separated generally 
hyaline; below this the other bodies are placed in the order of 
their attraction to the first substance : thus in respect to che af- 
finities peculiar to sulphuric acid^ it appears that barytes, which is 
the nearest, would separate strontian, potash, ot any one of the 
succeeding substances from sulphuric acid, which prefers barytes 
to all other bodies whatever. 

Are these tables to be depended upon in every case of chyntical com* 
position and decomposition ? 

These tables notwithstanding some exceptions*, are so extreme- 
ly useful that the study of them cannot be too strongly inculcated \ 
for in most, cases they may be safely trusted by the practical 
chymist. 

What is repulsion ? 

Repulsion is a peculiar property, inherent in the particles of 
all matter, \^hich gives them a constant tendency to recede from 
each otherf . 

confirm it. Foi* if to a compound of sulphuric acid and alcohol water he ad- 
ded, the bulph'uric acid will leave the alcohol to unite with the water ; if a 
metallic oxid6 b'e then added, the sulphuric acid will quit the water, and 
unite with the oxide ; and if eoda be afterwards added, the sulphuric acid 
will leave the Metallic ostlde to unite with the soda, and the oxide will be se- 
parated in a pulverulent tori^. 

* The affinities of bodies are affected by the proportions in which they are 
presented to each brhdr, by the cohesion of their parts, by chymical repul- 
sion, &c. Berthollet has shown that substances a/'e capable of decompo- 
sing each other reciprocally, if they be added respectively in the proper 
qtiantity. Thus sulphuric acid decomposes ihitrate of potash altogether, by 
the assistance of heat. The nitric acid is driven off, and there remains be- 
hind sulphate of potash. But if nitric acid be poured into sulphate of pot- 
ash in sufficient quantity, it takes a part of the base from the sulphuric acid, 
and nitrate of potash is regenerated. In like manner phosphoric acid decom- 
poses muriate of le td, and muriatic acjd decomposes phosphate of lead. 

t Sir Isaac Newton found that when a convex lens was put upon a flat 
glass, it remained at the distance of the i<i97»h part of an inch ; that a very 
considerable pressure was required to diminish this distance, and that nd 
force which can be applied will bring them into actual mathematical contact. 
Other philosophers have shown that the particles of no body whatever are 
in mathemntical contact ; that in every case there is a distance between them ; 
Consequently that the particles of all bodies r^/W each other. According^; 
to Boscovich, the atoms of which all bodies are composed are mere mathe-i 
maticnl points, destitute of extension and magnitude, but capable of acting* 
on each other with a force which differs in intensity, and in kind, according 
to the distance; At sensible distances the foifce is attracti've^ and diminishes 
inversely as the square of the distance. At the smallest distances the force 
is repulsi-ve \ ir increases as the distance diminishes, and at last becomes in- 
finite, or insuperable ; so that absolute contact, oJP course, is impossible. 
Dr. Thomson, vc'l. iit. 272. The particles of all gases, and of atmosphe- 
ric air evidently repel each other. It is to repulsion that they are it^.debted 
fot their elasticity; 
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H§w d$esiiis property of matter operate ? 
It operates at sensible and at insensible distances. 
WbM imtances tare there of the firmer kind rf repulsion f 
Tbe enij kinds of repulsion that can be exhi^ted to the sense^ 
ve those of electricity % and magnet ismf; but it is insensible re* 
pulsion with which chjousts are more particularly concerned. 
What instances have you of this latter kind^ or of insensible repulsion / 
The only example that we are acquainted with is the repulsion 
of the particles of caloricj: amongst themselves \ which repulsion 
would constantly tend to infinite separation, were it not .for % 
diymical union, which, hj an irrevocable law of nature, they 
fcrm with the first surrounding body. For by that law it s^m* 
the particles of caloric cannot exist in an isolated state* 
How does this repulsive firce operate upon other bodies f 
It diminishes the cohesion of the integrant particles of all heat^ 
ad bodies, in consequence of the particles of calorid repelling each 
other; so that chymical unions, as well as chymical decompo^ 
tions, are wonderfully facilitated by this species of repulsion}. 



* If two cork balls be suspended from a bofly with ftilk threads so ai to 
tooch each otbei , and we chaige that body with electricity, the cork balU 
%i]l separate immediately. The balls of course repel t7S,\i other. 

\ When we preseii* the north pole of a mac net A to the same pole of 
Another magnet B» suspended on a pivot, and at liberty to move, the ma^sncC 
B recedes as the other approaches ; and by following it with A at a proper 
distance, it may be made to turn round on its pivot with considerable velo- 
city. There is then a repulsion between the two magnets— a repulsion wh.ch 
increases with the power of the magnets \ and this power has been made 
to greats by a proper combination of magnets, that all the force of a strong 
■laii it insufficient to make the two north poles touch each other. 

\ It is now generally imagined that what is called insensible repulsion ii 
«wing to the presence of caloric. It is well knoWn that the elasticity of air 
and all other gaseous bodies is increased by heat \ that is, that the repulsion 
lietween the particles of air, tbe distance remaining the same, increases with 
the temperature, so that at last it becomes so great as to overcome every obsta-^ 
tUwhich can be opposed to it. This subject is fully treated by l)r. Thorn* 
•on, to whom 1 l^ter tbe reader* 

^ It IB evident, that whatever diminishes the cohesion which exists bciweeti 
tiie particles of any body, mnst tend to facilitate their chymical union with 
the particles of other bodies. One reason why some bodies requite a high 
tempe r ature to cause them to combine, is, that at a iow temperature the attrac* 
tion of cohesion is in tbem superior to that of affinity \ accordingly it be* 
comes necessary to weaken that :«ttraction by caloric, till it becomrb inferior 
to that of affinity. In like manner bodies combine more easily when held in 
tolutiota by water, or when they tiave previously been reduced to a fine pow- 
der, as these operations dimmish the cohesion which exists among the primi- 
tive or integrant particles, ^lifphoric acid has no action upon a lump of 
iaateof lime \ but if that earthy salt be reduced to powder, a violent action 
will ensue on the addition of the sulpharic acid; and the fluate ol limis will 
be decomposed. 

59 



I 

^m you endeavour to explain this action ofcdhHc nmth morefre^ 
vision ? 

As chymical affinity takes place only . between the ultimate 
molecules of bodies, >vhile the attraction of cohesion remain^ 
superior to that of slffinityy no other union can take place; but 
whenever caloric has sufficiently diminished this attraction in 
any substance, the particles are then at liberty to form new com^ 
binationsy by their union with the particles of other tkxiies*. 

// the addition of cahnc alwayl necessary to promote chynucd 
affinity f 

In order for the attiiietion of composition to take place be-; 

tween two bodies, it is generally necessary either that one of 

the substances should be in a state of fluidity, or that heat should 

be applied ; so that caloric acts an important psart either sensibly 

V or insensibly in all cases of chymical affinity. 

Dees chymical affinity operate in consequence of the Universal law tjf 
attraction ? 

We have reason to believe that every new compound is pro- 
duced by virtue of the attraction to which all matter is subject, 
and which is equally operative on the most. minute atom, as on a 
planetary systemf . 

How do you imagine that the same force which operates upon the 



^ The fdritia^ion of the r^d oxide of iftercury will exemplify tht abovi 
chymical axiom. It mercury be submitted to a heat little Superior to that of 
t>oiling water, no new combihatifbn will be formed, but the metal ^11 re> 
innin unaltered. If the heat be increased to 600^, or thereabouts, the at* 
traction of cohesion .of the mefctiry will be broken ; its particles will unite 
with the oxygen of the Surrounding atmosphere; and a new itibstance, nd 
9xide of mercury^ wilt be produced. If this new substance be again sub- 
mitted to the operation of caloric, and th6 heat be raised to fooo^, the coih^ 
bination will again be broken, and new affinities will take place. The af* 
finity of oxygen for caloric will now be greater than that df bxygen for 
mercury ; th^ oir^g^n will quit the mercury, unite with the caloric, and be 
expelled as oxygen gas: thus the mercury will conscqtiently once tn«re ap- 
pear in \ii metallie state. 

Red lead is formed by lorfg expiosti^e of lihetalKc lead to atmospheric air in 
a high temperature ; but by a great increase of temperature, it i^ made to 
give out its oxvgen in sufficient abundance to be collected in appropriate re- 
teivers in the form of oxygen gat, and the tfnctal becomes revived. 

t The attraction of the psfrtitles of bodies foi' each other is exemplified by 
small quantities of water, or other fluids, which, when dropped upon a flat 
surface, form themselves into spherical masses. 

That Very law which moul^ a t*ar. 
And bids it trickle from its sourte. 
That law preserves the earth a sphere^ 
And guides the planets in thci^ course. 

Rogers. 
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particles of bodies^ so as to produce compQsitim and decompo* 
^tHofif can be sufficient to preserve the planets in their orbits*? 

We can neither comprehend the one nor the other ; nof can 
Wt $ee why the Almighty alight not as easily bestow upon one 
qiecies of matter the power of acting upon another when at ^ 
i&tancefy a$ the power pf being ^cttd upon and changed by 
l^atter when in actual contact!. 

£s the consideration of this uffiver^al property of matter calfulated to 
produce any peculiar refections F ' 

The contemplation of this subject has a natural tendency to 
promote the most profound feelings of awe and admiration ; for 
tl^e understanding of the highest intelligencies sinks into nothing 
when compared wif h the energy of that Omnipotent Being, who 
had wisdom to contrive, and ability to endue the matter which 
he had formed, with the astqnbhing Power of operating upon its 
^Uow qaatter either in contacts or when separated by f he infinitv 



* A passage of Dr. Wat8oq*s ^ill perhaps furi^Ul^ as eood a reply tp 
this question as can b^ given. '* We feel the interference of the Deity every 
where, but we cannot apprehend the nature of his agency any where. 
A blade of grass cannot spring up, a drop of rain cannot fall, a ray 
pf light cannot be emitced trom the sun, nor a particle of salt be united, 
with a nevfsr failing symmetry to its fellow, without hun ^ every secondary 
f ause we discover, is but a new proof of the necessity we are under of ulti- 
mately iccurrin^ ro l|im as the one primary causp of every thing;** 

"f Dr. Herschelh^s shown, that not only the planets in our system arcpre« 
icrved in their orbits bjr mutual attractiout but that in the sideral system! 
the double «tars are so situated witl| respect (qeach utl^^r, that tbey must be 
subjected to mutual gravitation, and that they can only preserve their re- 
lative distances by a perio4ical revolution rot|nd a common centre. What 
he calls the insulated stars he imagines to be i^early out of the reach of 
mutual gravitation. He considers our sun and all the brightest stars to btt 
of this class. They ^e of such immense distances, that he calculates that 
$irint (the nearest of the fixt stars to us) and the Sun, if left alone would 
be S3 millions of years in falling together. The sam- philosopher haa said, 
that thuugh light travels 'at the astonishing yelocity of «oq,ooo miles in a 
second, some of the nebulae are sp far from us that the rays of light must 
hav4 been nearly two millions of years in' passing from them to our system* 
According to a writer in the thirty second volume of the Monthly Review, 
K. S. 513, astronomers are now acquainted «vith no less than 1120 of rhese 
nebulous stag's. Doubtless they are so niany distinct vforlds, appropria-. 
fed by the ^uthorof nature for the reception of intelligent beings, and fofi* 
the abodes of recti tu4e and felicity. ^ 

jLightnings and storms His mighty worc| obey. 
And planets roll where He has marked their way. 



X Thomson's Chyniistry. 



of ffnce. Wen might a writer of anttqaity asKrt» that God sav 
every thing that he had made, and behold h was very good^ 



* Hartni; no>«r eowpSeted aiy oi i^'nal &c*igm of fsniithuig tW TOW c 
with m eiemtrvtary treantc on d«}inivtfyy it nay be fiecesMy to apclo|iitttt 
•ome readef s for the ititrodpctiori of tbew inonl rtrflccrioas whkh so fit- 
qvrntjy occur. This cannot be dvrt better thin in the language of a lat^ 
pcpolai writev :— '* Every man,'^ tays he, *' hat a particnJar tnin of thooght 
into «-hich \n% wind izUt, when at leisore frooi the WiprecsuNM and ideas 
that occasionally excite it$ and if cne train of think n^ be more de»iiablQ 
than another, it is suiely th-u which t^ard« the phenomena of aitare with 9 
constant rt^cnsce to a Mipipnc intelligent Aatl>or/* Paley. 
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ADDITIONAL NOTES. 



^ I. Of Sperifk Grmvit^. 

THE cotBBioa Hietbod of taking the spcefic gnvify of tlie rocnls^ or of 
iny solid Hody, is by coaipftniig fbc difmnce whidi tnere is in tlictr 
ipcigltt wbes weiglwd m lur ind in witer } tkit is, to divide the miswimte 
wngjkt b^ the kts^ and the quofieat is tbe specific cnvity. Ttios i^ * 
Biacnl which weighs ihree ooaces ia air» weighs only two oonces when 
w eighed ia water, the specfic gravity of such minml is ) ; that is» if water, 
as it geaerally is, be called i.ooo, the substance now cxamiaed is s.ooO| 
or, to make it plain to the young student, if a pint of water weigh mu pound, 
the same huk of the mineral wiil weigh three pounds. See page 38. 

A more ready way to determine the specific gravity of Sv>lids i« to fill a 
phial with water, and note the weight oif the whole accurately in grains. 
Xbea weigh 100 grains of the mineral or other substance to be exsmtned, 
and drop it gradually into the phial of water. The difieience of weight of 
the bottle with its contents now, and when it was filled with water only^ 
will give the specific gravity of the matter under examination. For example, 
if the bottle weighs 50 grams more than it did when it was filled with water 
<miy.« it shows that 100 grains of the mineral displace only 50 graint^ of 
water, and conse<)oently that it is twice the specific gravity of water. This 
method is said to have been discovered by Archimedes. See Note, page 35. 

The specific gravity of fluids is generally determined by an areometer, 
which is a graduated glats tube with a bulb, so contrived that it may swim 
in fhc flttid in a perpendicular position. The specific gravity is shown by 
the degree to which this instrument sinks in the fluid to be examined, and 
this will consequently always be lower in proponion as the liquid is lighter^ 

The specific gravity of ardent spirits is generally ascertaini^d by means of 
an hydrometer, of which various kinds are sold by the mathtmati^al instru- 
ment makers. 

The following method, which was contrived by Dr. Lewis, the celebrated 
author of the Commercinm Philosophico-Technicum, and which was com- 
municated to roe by the amiable Samuel Moore, esq. late secretary to the 
Society for the promotion of »rt8» matrafactures, an^ comroerce, I prefer to 
pyery oth9U 
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In this method (he specific gravity of a liquor is estimated from theexcfsii 
of the weight of a certain measure of it above that of an equal measure of 
flistiiled water. A Set of weights is made for this purpose, called carats^ or ' 
(adukeSi in the following' manner : 

A convenient bottle being procured, the tare of the bottle is first taken; 
it is th«i completely filled with distilled water; the weight of the water is 
accurately divided into two equal parts, and a weight made equal to one of 
these p^rts is marked 64; by continuing the division, are obtained the 
weights 32, 16, 8, 4, 1, i carats; so fh-^it a carat is the laSth part of the 
weigiit of the water. Another weight is then made which counterpoises the 
bottle when filled with watery and so fuany carats as the bottle filled with 
an alkaline lye, or any other liquor, weighs more than tHis waterpoise, so 
many carats strong is the liquor said to be. 

A table of these carats, witl^ their corresponding degrees of specific gra- 
vity, which I drew up for my own ose^ wjll be fo^nd with the tables at the 
end of this volume. 

II. Of the Barometer, 

The height at which the mercury stands in the barometer varies at times 
in consequence of the variation in the wfigbt of the atmosphere. Frcm a 
knowledge of this fact, this instrument has been made use of to measure fhe 
(lelght of mountains, and by aeronauts to ascertain the height they ascend in 
the air. It is found that ^he barpmeter varies about an inch for every 600 
feet. See pages 47 and 49 ; also sir George Shiicl^burgh^s paper, in the 
Philosophical Transactions, vol. Ixxvii* 

m. Of EbulHtiott. 
Under an exhausted receiver, water will boil at the heat of 92^ of Fahrei|« 
heit*s thermometer ; whereas under the usual pressure of the atmosphere it 
does not boil till it is heated to a|a^; though, as the atmosphere varies ia 
density, it occasions some little variation in this respect ; for sir George 
^hockburgh found by experiment, that when the barometer was at 16 inches, 
water boiled at less than %o^ degrees, but when it was at 31 inches it required 
to be heated to near 2x4^ before it would boil. 

Under the common pressure of the atmosphere 

Ether boils at • • 98^ 

Alcohol • • .176 

Water . • , ; ai* 

Nitric acid • . • 248 

Sulphuric acid . . 54^ 

Phosphorus • • 554 
Mercury and \ ^_. 

JUinseed oil $•.•«'«> 

Dr. Black made experiments upon several Jiquids in yacuo, and fQi]n4 
that in general they all boiled with about 140 degrees of heat less ttian when 
bearing the weight of the atmosphere. Vitriolic ethwr (if the prcasure of thf 
atmosphere be removed) will boil when 52 d^rees below the cold sufficient 
for freeaing water. See pages 48 and 79. « 

ly. Of the Atmspbere. 

Besides the advantages which have been enumerated, the atmotpbere it of 

great use in preventing the heat, which the earth acquires from tht s«io» fronot 

being soon dissipated ; the air being a bad conductor of beat. It it owing 

to this property of atniospheric air that our clothes preserve the heat of th^ 



bocty } for it is bot the clpthes, hut the air which is folded within them that 
pi'oducet» the effect. Sec page 49 ; aiso Rumior<l*s £isays« 

v. Of Cbymcml Dgc»mp(ijithH. 

The changes ^hich matter perpetually undergoes by the decotn position 
6f all organiEtd beings, probably gave rise to tbt ancient doctrine of trans* 
niigration. See pages 52 and 239. 

The sacred seer with scietitific troth 

In Grecian temples taught the attentive ^outh 

With ceaseless change how restless atoms pass 

From life to life, a transmigrating mass ; 

Whence drew the enlightened sage the moral plati« 

That man should ever be th« friend of man ; 

Should eye With tenderne>8 all livmg forms. 

His brother etnmets, and his sister worms. DAlKWtN.* 

VL Of Oxvgeu Gar. 
lletails of several surprising curts by means of oxygen gas may be seen 
in the different volumes of Mr. Tiiloch's Philosophical Magaaine*. By th« 
new invented gasometers^ and the apparatus sold with them> any kind of 
factitious aiV may be acciiratel)r measured, and mixed with any poition of 
atmospheric air that the physician may prescribe* See page 54. The ad* 
dition of more oxygen gas tu atmospheric air has been very'tfBcacious in 
asthmas, vertigos, cutaneous eruptions, &c. bht peculiarly so in those 
female complaints which arise from want of sufficient tone and vigour in the 
syitem; 

Thus the afflictlKl, feeble, languid maid, 

Whose health, whose spirits, and whose roses droop, 

Looks to pneumatic chymistry for aid, 

And views the neat gasometerf with hope* 

Anxious she marks the mixture of ihe airs, 
And joys to hear them bubble and expand} ) 
While fell Hysteric every sinew tears. 
And overwhelms her with his leaden hand. 

Trembling sh^ grsfsps the cold metallic tub«r. 
In fear mysterious, and with caution drinks | 
While every pulse ac<)uires a kinder throb, 
'^And still increases as the envelope § sinks* 

The heaving lungs inhale (he vital gas, 

'I'he blood absorbs it as it ebbs and' flows } 

It gives fresh colour to the #oid mass, 

Ana the whole frame with pristioe vigour glowsi 

^ See also an interesting ** E^say oh the Medicinal Properties of Factitious Atrs,*' 
by Tiberius Cavallo, esq. 8vo. Dilly, I798. 

•f The gasometer is a machine from whence the factitious airs are inhaled. 

{ When the oxygen gas is prepared, it is thrown up through water, into the gaso* 
flfieter in bubbles where ic expands and mixes with the proper proportion of atmosphd- 
fU air. 

^ The envelope is the caverinfg of the gasometer, which preserves the air from 

r:aping J it is hung upon pulleys, and sinks lowct and lower m the wat-r* as the §a* 
inhaled from nndemeath it. 
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^ Returning health adorns the f useate cheek. 
And decks the featurea with its every cftiarm) 
While new desires^ new energies bespeak. 
And beauty^s self resttmes her native form* 

With efnulation now her bosom bumsi 
The grateful female cultivates her mmd. 
And feels the sweetest pleasure while she learns 
The science* sent by Heaven to bless mankind. 



S.t. 



Vlt. 0/ the Production jof Oxygim Gas. 
Oxygen gas may be procured m any quantity from the black oxide of 
manganese^ which is a cheap article, worth only a few shillings per cwt. It 
is only necessary to pulverize the manganese, and expose it in an iron rttort 
to a proper degree of heat. The gas, which will rise in great plenty from the 
retort, may be received in bladders, or any appropriate vessels. Dr. Priestley^ 
wtio discovered this air, called it dephtogisticated air. According to Mr« 
Parkinson, one pound of manganese will furnish ten gallons of this gas. 
BerthoUet says that oxyk(en gas may be procured with more ease, and in 
greater purity, from thc^ oxygenized muriate of potash than from any other 
substance ; but as this -is a dear article, manganese will be chosen for all 
^mmon purposes. See page 55. ^ 

VIII. Cf the Effect of Oxygen upon the Blood, 
To prove that oxygen gas is. really imbibed by the blood in the lungSf 
Dr. Goodwin opened the chest of a living dog, and exposed the lungs ^nd 
heart to view. It was a striking spectacle to observe the black blood, in its 
return from the lungs, and in its passage to the heart, change to a bright 
*vermilion colour. As the dog became exhausted, it was found necessary to 
inflate the lungs by artificial means. When this was omitted, the blood re* 
ceived by the heart was black, and in a little time its action ceased. But 
when the lungs were again made to collapse and distend, by the inflation of 
cdmmon air, the blood in the pulmonary vessels regained its former crimson 
colour, and the action of the heart and arteries was excited anew. See p. 57* 

IX. Of the Circulation of the Blood. 

According to Dr. Thomson, one principal use of the blood is to furnish 
fibrina to supply the waste of the muscles $ for as neither the chyle nor the 
lymph contains Hbrina when they flow into the blood, there must be a con« 
tinual decomposition of chyle and lymph in the bIood*vessels, in order to 
form this substance. We know that carbon and hydrogen are thrown out 
by the act of respiration ; he therefore concludes that one use of the air ab- 
sorbed is to abstract a quantity of carbon and hydrogen from the chyle, by 
compound affinity, in such proportions that the remaijnder becomes flbrinaf • 
For the information of young readers, the following account of the apparatus 
for elaborating the blood is copied from Paley^s Natural Theology x 

** There is provided in the central part of the body a hollow muscle, in- 
vested with spiral tubes, running in both directions. By the contraction of 
these fibres, the sides of the muscular cavities are necessarily squeezed toge- 
ther, so as to force out from them any fluid which they may at that time con- 
tain : by the relaxation of the same fibres, the cavities are in their turn dilated j 



* Chymical knowledge in genera!« 
f System ef Chymlstry. 
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^nd, of course, prepared to admit every fluid which may ht poured into 

them. Into these cavities are inserted the great trunks, both bf the aiteriea 

which carry out the blood, and ot the veins which briiig it bick. This is 

a general account of the apparatus t and the simplest idea of its action is, 

that, by each contraction, a portion of blood is forced as by a syringe into 

the arteries ; and, at each dilatation, an equal portion is received from the 

▼einsi This produces at each pulse, a motion and change in the mass of 

blood, to the amount of what the cavity contains, vhich in a full grov^ 

human heart is about an ounce, or two tabls-f^poons full. Each ventricle 

vrill at least contain one ounce of blood; The heart contracts four thousand 

times in one hour; from which it follows^ that there passes through the heart 

every hour four thousand ounces, or 35olbs. of blood. Now the whole mass df 

blood IS about 15 pounds ; sO that a quantity of blood equal to tlie whole blood 

within the body passes through the heart fourteen times in one hour ; which is 

about once every four minutes. Only consider what this is in very large 

animalsfc The aorta of a whale is larger in the buie than the m;iin pipe of 

the water-works at Lond.?n brid2:e; and the water roaring in its passage 

through that pipe is' inferior in -impetus and velocity to the blood gushing 

from the whale's heart." According to Dr. Hunter, ten or fifteen gallons 

of blood are thrown out of the heart uf a whale at a stroke, with an immense 

velocity, through a tube of a foot diameter. The whole idea fills the mind 

with wonder. See Dr. Hunter*^ccaunt of the dissection of a whale> in the 

Philosophical Transactions. 

*' It was necessary that the blood should be successively brought. in con^ 
tact or proximity with the air; therefore, as soon as the blood is received by 
the heart from the veins of the body, and before that it is sent out again into 
its arteries, it is carried by the force of the contraction of the heart, and by 
means of a supplementary artery, to the lungs; from which, after it has 
undergone the proper change, it is brought back by a large vein onte mora. 
to the heart, m order, when thus prepared to be from thence distributed 
anew into the system. See pa^e ^7. 

<* An anatomist, who understood the structure of the heart, might say 
beforehand that it Would play : but he would expect, I think, from the com- 
plexity of its mechanism, and the delicacy of many of its paits, that it should 
always be liable to derangement; or that it would soon work itself out; 
Yet shall this wonderful machine gOj night and day, for eighty years toge- 
ther, at the rate of a hundred thousand strokes every twenty-four hoursi 
having, at every stroke, a great resistance to overcome ; and shall continue 
this action for this length of time without disorder, and Without weariness.*^ 

Xi Of the Ren6*vation of th« Atm$spherei 
It has been imagined that the atmosphere is occasionally renoVated from 
sther sources. Dr. Darwin, in his dissertation on tb^ winds, concludes that 
immense masses of air are set at liberty from their combinations with solid 
bodies. Within the polar circle, or in some region to the north of us ; and that 
:hey thus perpetually increase the quantity of the atmosphere; and that this 
s again at certain times re-absorbed, or enters into new combinations. at the 
ine or tropical regions. By which wonderful contrivance the atmosphere is 
Perpetually reaewedj and rendered fit for the support of animal and vegetable!: 
ife. Botanic Garden. 

The following idea is merely hypothetical, but it deserves perhaps somd 
loticc.— ** The moisture contained 01 dissolved in the ascending heated air 
It the line, must exist in great tenuity^ and by being exposed to the great 
ight of the sun in that climate, the water may be decomposed, and the \\t\r 
lirs spread on the atmosphere from the line to the poles." Ibid. 
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On liquid air He bade the columns risey 

That prop the starry concave of the skies f ^ 

DiflfuftM the blue expanse from pole to pole. 

And spread circumfluent ether round the whole. 

BLAC]CLOC|Cv 

The action of the sea alfto has probably considerable influence in purifyiag 
the atmosphere. See page 60. 

:$!• Examples of AJ^ity. 

Take a little common magnesia, and pour by degree^ diluted nitrous acid 
tipon it till the whole of the earth be dissolved. This is an instance of sim- 
ple chymical aflinity. But if a solution of potash be poured upon th^fpoqer 
mixture, the potash havmg a greater aflinity for the acid will take it from the 
magnesia, and the majgncsia will again be precipitated. 

To a solution ot soap add a little weak sulphuric acid. The acid Having 
^ stronger affinity for the alkali of the soap than the alkali has for the tallQW, 
the acidwiil unite with the alkali^ and the separated tallow will be seep tgflost 
upon the surface of the liquor. 

Dissolve a few ounces of sulphate of iron in water, by adding the salt by de* 
grees till the liquor becotnes turbid ; then if a skain of cotton thread be dipped 
in the solution and shaken a little in it, tl^thread will take up the ^holeof 
the oxide of iron, and render the liquor transparent. This effect is produced 
in *con sequence of the great aflinity which cotton has for the oxhides of iroo« 

If mercury be put intoa^/a/j bottle, the surface will appear coi^yex^ owiog 

^^o the small affin>ty which mercury has with glass ) but if it be put nilo a 

metallic vessel, the surface of the mercury will appear concave (ike that of 

other fluids, because of its tendency to combine with the sides, of the vessel* 

Thisniay be adduced as a striking proof of metallic elective attraction. 

** The phenomena of dyeing may be referred entirely to chymical prin-* 
ciples. The colouring particles possess chymical properties that distinguisll 
them from all other substances } they have attractions peculiar to thetp^elvesi 
by means of which 'hey unite with acids, alkalies^ metallic oxides, and earths* 
The difference m the attractions of the colouring particles for wool, silk, and 
cotton, is sometimes so great that they will not unite with^one of these sjub- 
stances, while they combine very readily with another; thus coiton receives 
no colour in a bath which dyes <wool scarlet/' Berthollet, vol. i. page 2s« 
Several curious and instiuctive instances of the effects of chymical aflinity 
in the art of dyeing may be seen in that work, vol. i. page 29, and following 
pages. 

Chymical affiinity may be pleasingly illustrated by the composition and 
decomposition of writing-ink. Take a little tincture of galls, and a little of 
the solution of green co|peras, both colourless liquors, and if poured toge- 
ther the mixture becomes black ; from the affinity which gallic acid has for 
tht> oxide of iron in the copperas. Then pour in a little weal^ aqua-fortiS| 
anfl the liquor will become immediately transparent; this arises from the 
metal leaving the first acid to unite with the last, to which it has a greater 
affinity. But if a solution of potash be now added^ the nitrous acid •will 
quit the iron, and unite with the alkali : thus the iron being once more dis- 
engaged will again be caught by' the gallic acid in the infusiopj and once more 
produce a black liquor. See page 74. 

s 

XII. Atmospheric Pressure* 
The rise of water in a pump w^s formerly attributed to the horror that 
nature had of a vacuum. Thib absurd notiomwas refuted about the middle 
of the sevcMteeth century, by the following occurrence 1 
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^hie Duke of Florence, having occasion to raise v^ater to the he'ght of 50 
or ^o feet, ordered a common pump to be made for that puipose ; but when 
it was completed the workmen were astonished to find that it would not 
work. 

The matter was referred to the celebrated Galileo, but he was unable to 
account for it in any way. Ail they were able to determine was, that water 
would not rise in a common pump more than 'from 31 to 35 feet. The fact 
jremained inexplicable till philosophers caught the idea of atmospheric pres- 
sure ; since when, the suspension of mercury in the barometer, and water 
in a pump, have been well understood. See page 47. ^ 

XIII. 0/ the Formation of Water. 
In 1798, Mr. Seguin made a grand experiment for the composition of 
water. He expended no less than 25,582 cubic inches (or nearly two hogs- 
heads) of inflammable air, and 12,457 of vital air. The first weighed 
1039 grains, and the second 6210, amounting to 7240 grains, and the water 
obtai^ned amounted to 7245 grains, or about three- fourths of a wine pint. 
Xbe loss was i^nly four grains. Another experiment was afterwards made 
by Le Fevre, in which nearly two pounds and a quarter of water were 
produced*. See page 8i. , 

XIV. Ojfbe Colour of the Blood. 
The colour that jthe blood jjcquires by the absorption of vital air may be 
accounted for on chymicaU principles. Blood contains much iron; and it 
teems that this iron is oxidized by the oxygen gas which it receives by the 
longs, and that the colouring matter of the blood is the red oxide of iron. 
If the coagnlum of the hlood be washed, it may be rendered colourless \ but 
then it will be found to contain no iron. 

XV. Of the Decomposition of Water* 
<< When a great number of electric sparks are conveyed through a small 
ttlbe, filled with water, by means of a conductor with a metallic knob, the 
. water is decomposed, and separated into oxygen and hydrogen gas \ and when 
this decomposition is so far advanced that the two extemifies become )m*> 
mersed in the mixture of these two gases, so that the spark explodes in them^ 
the gases take fire, and again form waterf.** See page 81 • 

XVI. Of Combustion. 

It may be remarked that anlmat and vegetabi^ substances are converted 
into water and carbonic acid during combustiL, by the union of their 
hydrogen and carbon with the oxygen of the atmcAhere ; and, in process of 
time, that the same water and carbonic acid are ablprbed by vegt rabies, and 
decomposed by them in order to set the oxygen M liberty to produce fresh 
combustions, while the vegetating organs appropriate the hydiogen and 
carbon to themselves, to promote their growth and nourishment. Thus a 
regular circle of compositions and decompositions is perpetually going on, 
and all organized beings are made to surrender in due lime, to the general 
mass', those elementary substances which nature kindly lent them for the 
preservation of their existence. See page 83. 

Is not this admirable simplicity of nature a conclusive proof of the infinite 
wisdom of the Deity, and that the greatest possible sum of beauty and of 
happiness was his ultimate object ? 



• Dr. Black* t Fourcroy. 
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Tlie whole and every part proclaims 

His infinite good-vrill ^ 
Xt shines in stars, and (lows in streams. 

And 5ursts from every hill. 

We view it o'er the spreading plain, 
And heav'ns which spread more wide 5 
It drops in gentle show'rs of rain. 
And rolls in ev'ry tide. 

Browne.. 

XVir. Of the Effects of Jntente Cotd, 
In Iceland and Germany the thermometer frequently falls to zeVo, which 
Is 32 degrees below the freezing point. When stones or metals which have 
been exposed tu si)ch such degrees of cold, are touched by the tongue, or the 
softer parts of the human body, they absorb the heat from those parts with 
such rapidity that the flesh becomes instantly frozen and mortified^ and the 
principle of life in them is extinguished. Some French academicians who 
ipade a journey to the north end of the Baltic, and wintered under the polar 
circle, found it necessary to use all possible precautions to secure tbemselvcfi 
*from the dreadful cold which prevailed. They prevented as much as possible 
the entrance of the external air into their&artments ; and if at any tiihe 
they had occasion to open a window or a door,'|he humidity of their breath, 
confined in the air of the house, was'condensed and frozen into a sihower of 
^now J their lungs, when they ventured to breathe the cold air, felt as if 
they were torn asunder ; and they often heard the rending of the timber 
around them by the expansive power of the frost on the fluid in its pores. 
In this terrible cold the thermometer fell to 33^' beloijo zero*. The ^la8t in- 
tense cold ever known in the neighbourhood of London was on December 15, 
1706, when the thermonneter indicated z^ below zero. See page 86. 

XVIH. Of the Recession of the Ocean. 
At the summit of Mount Perdu, in the Pyrenees, which is nine thousand 
feet above the level of the sea, a prodigious number of marine productions 
!}re fouod, which seem to indicate that there has been either a great recession 
of the ocean, or a vast elevation of the mountainous parts of the earth. The 
former is perhaps the most pnbable supposition. What then has become of 
this immense body of water ? Some have supposed that it has risen into the 
atmosphere, and remains svtpended there $ some, that it has found a place in 
the heart of the globe ; ami there are others who even imagine that it has 
passed off tp other planetsf* But since it is known that water is a compound 
decomposable substance, Other solutions of this diflicult question might be 
given. Water enters in# the composition of most substances; and if it 
ynite to some without losmg its nature, it cannot combine with others unless 
it be decomposed, and cease to be water. It is thus that it abandons its 
oj^ygen to metals, and its hydrogen to plants. These two principles once 
separated, cannot unite agajn to form water, but by a concurrence of cireum-' 
stances which does not often t?ik^ place, M. Poiret, who has* written upon 
this subject, in tlie sixtieth volume of the Journ. de Phys. seems to be of 
opinion, that when the earth was nearly covered with water, a considerable 
portion of this fluid would necessarily be consumed by marine animals, which 
would of course be more numerous as the mass of waters was greater. This 
supposition is strengthened by our knowledge of one circumstance, that 
hydrogen is the base of animal fat, and that in no animal is fat so abundant^ 

* Dr. Black's Lectures, 
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as in iFarious species of fisli, especially in the cetaceous tribe, of whose sub- 
stance it often constitutes the principle part. Besides, there existed vast 
numbers of shell fish, and of polypi, which latter employ themselves in con- 
structing calcareous rocks, that are uniformly composed of the pulverized re- 
mains of their shells and their tubes joined together } which insensibly raising 
themselves from the sea, have reached the surface of the water. These rocks 
at first were mere barren islands, but soon afterwards became covered with 
an abundant vegetation. This great work was thus effected at the expense 
of the waters, which diminished more rapidly as organized beings became 
more numerous. He goes on to state, that a vast consumption of water his 
been occasioned by volcanos, and by the formation of stony bodies; some of 
which, particularly the calcareous, frequently contain one fourth of their 
mass of water. C^he last cause of the consumption of the water which he 
mentions, is the vegetation of plants. By this process water is plentifully 
and perpetually decomposed, and more and more so, in proportion as the 
surface of the earth increased. Hales found that a. plant which weighed 
three pounds, acquired an augmentation of two pounds, after remaining 
for some time with its roots in water. If to this fact we add the idea of a 
vegetation existing for thousands of ages, and of those immense forests 
which once covered the countries now cultivated j and lastly, the extensive 
depths of peaty and the thick beds of coal, that are so many vegetable re- 
mains, what an idea must vjp have of the enormous quantity of water ne- 
cessary for the formation ofall these substances, and for the support of 
such an abundant vegetation for such a period of time ! See page 88. 

A late discovery made by Mr. Harrbp, and which I have noticed in page 
S8 of this work, adds another source to those already enumerated by M. 
Poiret, to prove the diifiinution of water. This discovery announces a power 
in nitrogen gas to absorb oxygen from water, till the mixture of nitrogen 
9nd oxygen arrives at that proportion which constitutes atmospheric air* 

Water restraint gives birth. 
To grass and plants, and thickens into earth $ 
DiffusM it rises in a higher sphere. 
Dilates its drops, and softens into air ; 
Those finer parts of air again aspire. 
Move into warmth, and brighten into fire ; 
That fire once more, by denser air o'*ercome, . 
And downward forcM, in earth^s capacioirs wOmb 
Alters its particles, is fire no more, 
Bift lies metallic dust, or pondVous ore. 

Prior. 

XIX. Of Hard Water^ 
Lime is found, variously combined, in the waters of most springs and 
rivers. Waters which contain a large portion of selenite, or sulphate of 
'lime, are very unwholesome; though they may in a great measure be puri^ 
fied by boiling. It may however be acceptable to some readers to be inform- 
ed that these waters may be entirely freeci from the calcareous impurities, 
by a very small addition of potash. This will attract the acid, and the lime 
is then precipitated in the state of chalk: hence the use of potash added to 
water for boiling vegetables, and for purposes in which hard water would be 
prejudicial. See page loi. 

^ XX. Of Lime and Water Cement, 
Dr. Watson has remarked, that ** in countries where they have no com- 
ippn materials for making lime, it would be worth while for the farmer to 
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examine the earth which may be met with on the surface of the greund, or at 
a little distance below it; for that calcareous substances are not alwtjs 
united into hard compact masses, but are sometimes found in the form of 
loose earth* and that of different colours.** 

While writing on lime, some persons may be glad to be infoimied ho# a 
cement may be made with common lime, that will harden under water. 
What is calied /opr lime has this peculiar property | but as this species of 
limestone rarely occurs, it is an eipensive article. The following is a-good 
substitute, and may be used for water-cisterns, aqueducts, ftc—Mix four 
parts of gray clay, six of the black oxide of manganese, and ninety of good 
limestone reduced to fine powder, then calcine the whole to expel the car- 
bonic acid. When this mixture has been well calcined and cooled, it is to 
be worked into the consistence of a soft paste with sixty parts of washed 
sand. If a lump of this cement be thrown into water it will harden immc^ 
diately. Such mortar however may be procured at a still less expense, by 
mixing with common quick-lime, a certain quantity of what are called tlie 
nvbite iron ores, especially such as are poor in iron. These ores are chiefly 
composed of manganese and carbonate of lime» or chalk. Lime and sand 
only, whatever may be the proportion of the mixture, will certainly become 
ioft under water* 

XXI. Of Light, 

This work being intended to instruct very joung persons in the first prin- 
ciples of natural and chymical philosophy, I purposely omit entering into a 
general investigation of the nature of iigbt. It is a subject but imperfectly 
understood, and what is known is in general too abstruse for the comprebes* 
sion of youth, till they have mside very considerable proficiency in other 
branches of natural philosophy. The vehctiy of light is however so ad- 
mirably calculated to impress the young mind, that I could not resist raakbg 
the following extract from Dr. Thomson*8 System of Chymistry :*- 

'* It has been demonstrated that light takes about eight minutes in moving 
across one half of the earth*s orbit ; consequently it moves at the astonishing 
rate of 200,000, miles in a second ; therefore, if each of its'particles weighed 
the thousandth part of a grain, its force would be greater than that of a bullet 
discharged from a musket. Were it even the millionth pan of a grain in 
weight, it would destroy every thing against which it struck. If it even 
weighed the millionth part of tbat^ it would still have a very sensible foice. 
But how much less must be a particle of light, which makes no sensible 
impresion upon so delicate an organ as the eye f We are certain then that 
no particle of light can weigh fysn^fZ^hTiJi^itzzz^^ ®f * grain*.** See 
page 236. 

« Let there be light," the great Creator said. 
His word the active childobey^d 5 
Awhile the Almighty wond*hng view*d. 
And then himself pronounc*d it good. 

Yalden. 

XXII. Of the Nature and Formation of Nitre, 
The greatest part of the nitre we have is brought from the East Indies. Sec 
page 155. Should this supply fail, it may, after the example of the French, 
be formea artificially in Europe. During the second and third years of the 
Frend lie, the government required every distiict to send two intelli- 

gent sons to Paris. This convocation, consisting of nearly eleven 

* 

X Thomson's Chymistry* 
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buodrtd iBciividualsy received regular instruction from their first chy mists 
partly concerning the manufacture of cannon, and partly concerning the 
0i.aking of salt-petre tor gunpowder. This body of pupils was aftei wards 
distributed among the different establiahments in propuition to their abili* 
ties, andsalt-petre was soon furnished by them in abundance* Ann. de Chim. 
XX. 198. 

It IS suspected that the French in this unexpected prodtiction of nitre 
availed themselves of a discovery of our countryman Dr. Milner, who formed 
nitrous acid by passing ammonia over oxide of manganese placed in a tube^ 
and submitted to a red heat. 

The theory of the formation of nitre was little known till lately. An 
admirable paper on the subject, by Chaptal, occupying 47 pages, may be 
aeen m the Annales de Chimie, tom. xx. Annexed is an useful paper on the 
refining of saltpetre. Also a paper by Guyton on the same subject, tom. 
xxiii. of the same work. 

A gceat quantity of nitre is used by the makers of oil of .vitriol. It rs 
ground small, and mixed with sulphur in order to afford oxygen to the sul- 
phur while burning. For the same purpose it was used by the ancients in 
that destructive composition of antiquity, called the Greek-fire*, Sulphur, 
resin, alcohol, Camphor» and other combustibles were melted with it, and in 
this melted mass woollen cords were dipped, which were afterwards rolled up 
for use. These balls being set on iire were thrown into the tents, &c. of 
the enemy { and as the combustibles were furnished with a constant supply 
of oxygen from the nitre, nothiiig could extinguish them. 

When Constantinople was attacked in the reign of Leo, many of the ships 
of the besiegers were destroyed by tliis chymical composition. For many 
centuries the method of making this dreadful article of destruction was lost; 
but it has just been rC'discovered by the librarian of the elector of Bavaria, 
who has found a very old Latin manuscript which contains directions for pre- 
paring it* 

XXIII. 0/ Muriate of Lead. 

Muriate of lead, which is readily made, will afford the pupil a pleasing 
example of metallic crystalliiation. Take common red litharge, pour over 
U one-third of its weight of good strong muriatic acid, and stir it well with 
the litharge. When it has. stood to become dry, melt it in a crucible, and pour 
it into a metallic vessel in a state of fusion. The cooled mass will be of a 
beautiful brilliant yellow, and when broken will exhibit the most regular 
crystallization that can be conceived* See page 161. 

XXIV. 0/ the Uses ^ AIuvh 

The employment of alum in the arts is very extensive. It i) used in dye^ 
ing, to fix a variety of vegetable colours, which otherwise would be fugitive. 
By means of this salt we are enabled to obtain the admired colour* of the 
ancients, called the Tyrian purple, which on pain ot death none but the 
Caesars couid wear. It is of service in the manufacturing of candles, giving 
consistence and firmness to the tallow. It is employed in the cod- fisheries, 
whei the fish are prepared for drying, having the property of preventing thj 
salt from deliquescing. In the art of tanning it gives a firmness to the skins 
.;^|fl|ui|Ht|^ve become flaccid in the lime pits. It is used also in other pre- 
sjPPIPHfJ^, leather. Its ei^cacy in preventing the bad effects of damp at- 
' itft>A^t^ici(ir on preserved fish has been mentiq/ied : with the same design 
it has been used in preparing paper fur the preservation of gunpowder; and 
when used thus, it is of further bervice, by preserving the paper from icadily 
faking fire. But one of tiie most striking advantages of this important salt is in 

• 

* See Introduction to Berth3llct on Dyeiog, page 19. 
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tbe preparation of acetate of alumine for the calico-printers ; an artide which, 
ii^ the present improved state of the arts, the manufacturer canned dispense 
with* It is prepared with acetate of lead> by a double decomposition. An 
easyway to prepare it is related in Rees^-^ric; Cyclopaedia. 

XXV. Of Carbon and its Combination i. 
Carbon, whether we regard it in its most simple state, the diamond, or in 
that of common charcoal, is not only mdestructible by age, but in all its 
combinations, which are infinitely btyond our comprehension, still preserves 
its identity. In the state of carbonic acid it pxists in union ^ith earths and 
stones in unbounded quantities j and though buried for thousands^ of years 
beneath immense rocks, 9r in the centre of mountains, it is still carbonie 
acid J for no sooner is it disengaged from its dormitory than it rise^ with all 
the life and vigour of recent formation, not in the least impaired by its torpid 
inactivity during a lapse of ages. Is not the consideration of this subject 
calculated to afford a strong and satisfactory analogical argument in favour 
of human resuscitation ? 

XXVI. Of tbe Manufacture of Sbbti 
The manufacture of small shot is curious, and will probably afnuse the 
young reader. In melting the lead a smajl quantity of arsenic is added^ 
which disposes it to run into spherical drops. When melted, it is poured 
into a cylinder whose circumference is pierced with holes. The lead 
streaming through the holes, soon divides into drops which fall into watery 
where they congeal. They are not all spherical ; therefore, those that are must 
be separated, which is done by an ingenious contrivance. The whole ii 
sifted on the upper end of a long smooth inclined plane, and the grains roU 
down to the lower end. But the pear-like shape of the bad grains makst 
them roll down irregularly, and they waddle as it were to a side}' while the 
round ones run straight down, and are afterwards sorted into sizes by sieves^ 
The manufacturers of the patent shot have fixed their furnace, for melting 
the metal, at the top of a tower loo feet high, and procure a much greater 
number of spherical grains, by letting the meltdd lead fall into water from 
this height, as the shot is gradually cooled before it reaches the water*.** See 
pages 214, and 2824 

XXVII. Sympathetic Ink. 
A mixture of muriate of ammonia and sulphate of copper in equal proper-' 
tions, dissolved in water, will produce a. sympathetic ink equal to Hellot^s. 
It h of a blight yellow colour when warm, and of a beautiful emerald green 
when cold. Journal des Mines, No. 58. See page 225. 

XXVIII. Of the Manufacture of White Lead. 
Most of the manufactuie<) of white lead are conducted somewhat similar 
to the method related at page 234.; but for some pui poses sulphate oj lead 
answers as well, and it is now very often subbtitiited ior ceruse. At Tipton, 
near Dudley, there is a very large establishment for the preparation of white 
lead on a different principle. Muriate of soda i& there decomposed by 
means of litharge; and ai> the soda becomes disengaged, the murisU;^ acid 
combines with the litharge, and toims muriate of lead. I have rcsson to 
believe that carbonate of soda is employed tor the decomposition of the 
latter mtiriate, and that from thence results ihe carbonate of lead, which 
is the product of the manutactoiy. The ni.mufactories of earthen ware in 
the StaffordyMjUotteries ai& chiefly upplied with this lead. Great quanti- 
ies of it ^"^^^^pported to Ameiica. 

» Dr. Black. 




XXIX. Of Wster^gtUimg^ 
^ Some perlDBS may be glad to be infortied how the procctf of witer-gilding 
1% coodactfcU. Ir li done by prcriedtljr clcaoing copper iotcnded to be gilt, 
ifrith tand and weak aquaofoitis; after which the pi^te is pluoged in a dila* 
tbd fdotion of |Bercury ; tlic mercury leaves its soldtioQ and precipitates 
itself upon the copper : thii causes the amalgam of gold| whi^h is after, 
wards spread on the piece, to adhere. When the amalgam of gold is uni* 
formly spread, the piece is heated oii charcoal; which ▼olatiliies the mercury^ 
aiid leaves the gold on the copper. See pages rto, 197, ao4. The methed 
practised by the Birmingham m:*nafactarers may be seen in a piper of Mr. 
€^>llard*s» printed in the ninth volume of the Philosophical Magasioe. Tht 
pn>ccisei for other kinds of gilding may be seen io Grtn*i Chymistry. 

XXX. CfTtmdmd Tikiid PlaUi. 

Tin is of use for covering copper and iron cnlmary otbisiU. Sle pagi 
Sf 1 and aia. It is also employed in the formation of tin-plate. These art 
thin plates of rolled iron, which are bovered with tin by the following pe#- 
cess :— The iron plates, having been thoroughly cleaned by nibbing tneoi 
with tand, are steeped in water for 14 hoars, acidoiared by bran or solphs* 
ffic acid. They are then tnade dry, and are getitly heated in in oven, being 
£rst robbed over with grease, to prevent oxidisentent. In this state they 
are i'nmersed in melted tin, which not only adheres to the sort ace, but in a 
great measure penetrates the whole plate*. For a mure particular accbtint of 
these processed consult La Gi ange, vol. ii. So. There are two kindb of tin 
known in commerce, vis. bhdt tin SLndgraim tin. Block tin is pt-iftnred from 
the common tin ok, ^d is usually cast in blocks of about %%o pounds 
weight I after whtiflb it is taken to the proper offices to be assayed, where it 
feceives the impression of a lion rampant, which are the arms of the earl of 
Cornwall, and which are necessary to make it saleable. Grain tin is found 
in small particles, in what is called the stream tin er/. It appears to have 
been washed from its original bed in remote ages. This kind uf tin owes its 
superiority not only to the purity of the ore, but to the care with which it ii 
washed and refined. Tin when taken to be stamped pays a dnty of foor 
thillinirs per bundled weight to the doke. From hence a v)ist income accrued 
to the Prince of Wales. For a more full ac^unt of the management of th# 
Cornish tin -mines, consult the sixth volome of Maarice*s Indian Antiqai-> 
ties. 

XXXr. fTuu Tests. 

We art told that fraudnlent wine merchants have svHKtedcd their winct 
and Ciders by the addition of lead. Or. Watson relates that it was at oni 
time a common practice at Paris. He directs how it may be detected. Se» 
his Ch3rmieal Essays, toI. iii. page ^69. Methods 6f detecting this aucf 
ether adulterations of wine may be seen in Dr. Willich*s Lectured 
•n Diet and Regimen. The following is easy of application, andf 
will be found effectual i-*Equal parts of oyster-shells and sulphur may 
be heated together, kept in a white heat for tj minutes, add, when cold^ 
mixed with an equal quantity of cream of tartar ; these are put into k strong 
bottle with common water to boil for an hour ; and then decanted into ouncn 
phials, adding %6 drops of muriatic acid to each. This liquor precipitates 
the least quantities of lead, copper, &c. from wines in a tery seifsible black 
precipitate. As iron might accidentally be contained in the Wine, the mu- 
riatic acid is added to prevent its precipiration, aiid its being mistaken foT 
the precipitate of leadf • See pages X13 and 214* 

• Dr. Thdi$on; T? t P«HH*s«in 

J<5 
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XXXU. Nmikfe Ctfter. 
A man of Mifw copper kas httmiommd im a rallcj io tbe Brasils a466 
poDodt vdghc. The dctcripdoo of it ia the McoMiin of the Rojal AoMJc- 
mj of Scieaccs of Lisboa, it aaid to b« very iafercstiagy as the brgctt tpcci* 
sea of aat;Te copper that was befiirc haowa weighs oalj tai povads. Ap- 
peadix to MoBthlj Review, vol. zxvii. N. S. 551. 

ZXXIII. Tm Mimes. 
Tia miocsy as they dcepeo, often produce coppery aad fimerly» where 
thej had occasion to nise this ore, it was thrown aside as of no valoe, onder 
the name of /odrr. Those who live in the present nwre enlightened period, 
are profiting bj the ^oraoce of thdr forefathers. This proves of what iai* 
portancr it is to detcmi»ry by chymical analysis, the oatore of every snh- 
atance which passes wider the niiner*s obtenration. See page 204; also 
T!syler*s History of Miiung, in Cornwall. 

XXXIV. Oflrtm. 
Theie arc several ways of analysing iron ores. An easy method has bcca 
sagg^^lcd by Dr. Higgins, viz. by noti^ the i|nantity of hydrogen gas that 
is givra oot, by treating them with the nsnal niiatnre of snlphoric acid aad 
water. This method will give, with very little tronble, a good comparadve 
analysis. One part snlphoric acid to S paru vrater is the proper proportion 
for use. 

If an iron o^e be suspected to contun sulphur, take two mcasores of the 
hydrogen oas produced by the iron ore in question, and add to them one 
measure of oxygen gas ; then inflame these gases by e kcti i city , and ei« 
amine the vrater vrhich is produced from their combustion. If litmus paper be 
reddened thereby, it b a proof that it is acidified, aad that the ore contained 
talphor— otherwise not. 

Some valuable information on the manufacture €»f iroa and «tce], and oa 
the methods of preparing coke, may be collected from a scarce duodeciam 
Tolmne, by a Mr. Horse, eniicled << An Essay on Iroa and Steel.** A 
quarto volume 00 the same subject, with euf ravmgs of fumsocs, Ace. hai 
lately been imported by De Boffe, from Paris, which is well spoken of. 

Iron IS found in solotioc m many n^uural springs $ it gives the character 
to all our chalybeate waters j liesides which there are soaie springs which 
contain iron in combination with sulphuric acid. These are calkd vitriolated 
vraters. There are several in the kingdom, but those at Shadwell, near 
London, and at Swansey, in Glamorganshire, I believe, are the most im- 
portant. 

This metal is deposited mantle, and nearly in its metallic state, by the" 
Bath waters, which hold it in solution by some peculiar power that hft 
hitherto escaped all investigation. See J}!. Gibbes on the Bath vraters. 



XXXV. Of the Irom Mamsfmttmies. 
Some idea of the extent and importance ot the iron trade (see page 207) 
may be conceived from the fcltowiog account of the iron works in S<iuth 
Wales :— ^ Menbyr Tydvil was a very incons-derablc village till the year 
S755' when the lace Mr. Bacon obrained a lease of the iron and coai mines 
of a district hx least eight miles long, and four wide, for 99 years. Since 
then these mines have been leased by him to four distinct companies, and 
produce to the heirs of Bdr. Bacon a cleai annual income of ten thoufsod 
poaads. The part occupied by Mr. Crawsbay contains now the largest set 
of iron wor^- ' ' ? kingdom. He employs constantly mort- than two 
thoosaod % d pays weekly in wages and other expenses of the 
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work8> twenty -five thousand pounds. The number of imelting furnaces 
belonging to the different companies at Merthyr is about sixteen. Around 
each of these furnaces are enected forges and rolling-mills, for convertmg pig 
into plate and bar iron. These works have conferred so much importance on 
the neighbourhood, that the obscure village of Merthyr Tydvil has become 
the largest town in Wales, and contains more than twelve thousand inha- 
bitants.** Abridged from Malkin*s Scenery, &c. of South Wales. 

XXXVI . Of the Diamond. 
*' It will no doubt be demanded how it happens that pure carbon or dia- 
mond is so scarce, while its compounds in different states are so abundantly 
dispersed ? To dispel the astonishment of those who might consider this a 
ground of distrust, I shall remind them that the aluminous earth is likewise 
one of the commonest substances, though the adamantine spar, no less rare 
than the diamond, is nevertheless alumine; that iron exists every where^ 
under every form, excepting in the stare of purity, and that the existence of 
nati've iron is stilt doubtful. The wonder respecting the diamond consists 
only in the opposition between facts and our opinions j it disappears in pro- 
portion as we discover and appropriate the powers of nature to produce the 
same ejects*.** See page 192. 

XXXVII. Of the Ltdestructibility of Matttr. 
That the Author of nature had so constituted the world that none of its 
elements should be subject to destruction, might have been supposed by the 
ancients} but, till the present advanced state of the science of chymistry, 
no proof of this interesting fact could have been adduced* This is one of 
the many instances of the tendency which this valuable science has to en« 
large the mind. In addition to the facts which have been already noticed it 
may be remarked, that provision has been made even for the restoration of 
the fallen leaves of vegetables, which rot upon the ground, and which, to -a 
careless observer, would appear to be lost for ever. Berthollet has shown by 
experiment, that whenever the soil becomes charged with such matter, the 
oxygen of the atmosphere combines with it, and converts it into carbonic 
acid ^as. The consequence of this is, that this same carbon in process of 
time is absorbed by a new race of vegetables, which it clothes with a new 
foliage, and which is itself destined to undergo similar putrefaction and 
renovation to the end of time. 

Link after link the vital chain extends^ 
» And the long line of Being never ends* 

How insignificant do the most stupendous works of art appear, when com- 
pared with the beautiful simplicity of these masterpieces of Nature! See 
page 193. 

XXXVIII. Of the Formation of Iron. 
Dr. Darwin was of opinion that iron may have been formed by the decom- 
position of vegetable matters. In support of this he urged that the waters 
oozing from all morasses are chalybeate, and deposit their ochre on being ex- 
posed to the air i and that fern-leaves, and ofter parts of vegetables, are fre* 
quently found in the centre of the nodules of some iron eiefl. Notes to Bot^« 
nic Gardin, part i. According to Mr. B^^|||tat the lavas all contaiin 
one-fourth of iron. ■>• 

* Thomson's Notes oh Fourcro^* 
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XZXIX. OfPii€0€d. 
Dr. 0trwni traf of opinion that our pit- cot! has all betB %M\mtiLman 
or Icsk frwo tlM' clajr with wh<ch it was at first formed, in the dccooipoiitiSRa 
of mof ^%uu Bot from ibe various changes which comha«tible tubstancei 
«ndergo» it most be impossible to speak with certainty on this subject, 
tfaphtha* which it found in great abundance in Persia, is as ioid and tiana« 

Prcrnt as srateri but when exposed to the air it becomes yellow, and th^a 
own \ its consistence is increased, and it pisses \fkt%» pefrdlnam* Pctroleoni 
IS found native in many countries, and by an ei^posure to the air bccomca 
fmnirsd tar. Mineral tar is also found native, which by espoavre to the 
nil passes into imneral pitch anfi maltba. By furihor induration this gU9^ 
into asphaltum, which substance is likewi^e found natife in many pai^ 
of the world. See Dr. Thombon. Common conl is acompoaition of 
•ome cf these bitumens and charcoal. The French jet and the Engfi^ 
canncl coal are both so hard that they are subceptibie of polish, and are fie* 
qoently wrought into trinkets, 

XL. Oxide tf Iron, 
According to Mr. Chenevix, there are four oxides of iron, the first, or 
least degree of oxidizement being white, and progressively to green, blacky 
and red, founded upon the different colours which minerals possess that 
contain iron. T)t, Thomson, however, thinks that this variety •f colour 
results from the various combinstions into which the two oxides of iron 
enter, difference of colour being a very uncertain mark of difference in the 
degree of metallic oxidizeinent, 

XLI. 0/ the GloW'tvorm* 
** The glow-worm is the winglessy>ina/^ of a beetle insect. The male 19 
of a dufilcy Tiue, without much beauty 01- peculiarity of markings. The female 
if more like the lar?a or grub of a beetle, than a perfect full grown insect. 
The right,' which is of a beautiful sulphur colour, proceeds from the three 
last rings of the body. Sep page 147. Fripm the circumstance of the msle 
being a winged^ animal, and the female not, it was necessary that some con* 
trivance should be had recourse to for directing the rambler to his sedentary 
mate. Wh^t more beautiful, and at the same time sufficient, guide could 
lipssibly be contrived, than this self lighted hymeneal torch?" Skrimshift. 

Thine is an unobtrusive blase. 
Content in lowly shades to shine ^ 
How much I wish, while thus I gaze. 
To make thy modest merit mine I 

Mrs. pPiE. 

XLII. Of Light fmdmcid from Comhusiihles. 
The existence of light as a constituent part of combustible bodies seems to 
have been proved by the experiments of Deiman, Pacts, and others. These 
chymiits, exposed a mixture of sulphur and zinc to a high temperature^ 
without any substance being present from which they could derive oxygen. 
/Vt the instant when the sulphur and zinc formed a sulphure, there was a vivid 
toiisiion of light } and when the materials were afterwards examined, it was 
found that no oxidizement had taken place. See this more fully explained 
hf Charlea Portal, esq. PhiK Mag. xv. aoy j also by Mr. John Thomson, 
J0 l^^^^^ct oii Foorcroy^ Tol. i. X90. 
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> XLIII. OfComhustiM. 

^ It it now ffotnilly allowed, that nothing coatribiitta to sopport eombtat. 
titm in an ignited body but the portion of oxygen gas which exists in at* 
mosphtric air t it it found also that some subitanees require pure oxygen 
jt«s iPor their combustion. Thus rock crystal hat been expoted to the raoK 
laftnse heat for a very long time^ and hat tuflfertd nothing in its hardness, 
trantparency, or any other quality $ but when tubmitted to a ttream of oay- 
'gm gat it has been used like other tubitancet. 

XLIV. €f FigitMe Rjtspiratim. 
M. Saussurt hat shown, that when vegetables decompose carbonic acid gas 
they throw off only half of the oxygen, and that the whole of the carbon and 
the other half of the oxygen enter into the composition of the plant ; and 
that the leaTCS absorb oxygen gas in darkness, and emit an equal quantity 
when exposed to -the light % to that vegetation tends to corrupt the atmos- 
phere in the night, and to purify it in the day. The roots, wood, and petals, 
perform no inspiration, rhil. Mag. vol. xx. 307. 

XLV. FigftMi Poisom. 
In the royal cabinet of Louis the Sixteenth, at Paris, there were arrows 
whose noints were steeped in the juice of to venemous a plant, that, thou|[^ 
exposed to the air for many years, they will destroy in a few minutes, with 
the slightest puncture, the stoutett animal that exists. The blood of the 
victim, trifling as mav be the wound, insuntly congeals $ but if a small 
quantity of sugar be immediately swallowed by him, the circulation is at 
quickly restored^. See page ty. 

Nature, comneird by a superior cause. 
Now breaks her own eternal laws. 
Now sums to break them, and obeyt 
Her sovereign king ift different wayt* 

WATTt*S LYtict* 

XLVt. Of tbi Mem$ 9f turifymt the Atmospbire. 
When we perceive that the Deity has not only given the vegetable creation 
organs for purifying the atmosphere of its superabundant hydrogen, nitrogen, 
and carbon, but that he has also provided an innumerable multitude of pt«. 
datory insects, as nature^s scavengers, to remove all noxious matter, and to 
convert to their own nourishment and support what would otherwise, by the 
exhalation of its putrid miasmata, in time totally destroy the whole animal 
World-— we are charmed with the rich economy of nature, and are furnished 
with another beautiful instance of the omniscience and beneficence of it6 
mnnipotent Author. 9ee page 5a* 

XL VII. Of somt tf tbi EJ^ects of Itesfiration. 

The oxy&:en of the atmosphere deprives the blood of carbon and hydrogen : 

with the first it forms carbonic acid, and with the latter water ; both which 

are thrown from the longs in the act of respiration. As carbonic acid has 

tb^ property of sweetening putrid substances, by uniting chymically with 

SBtrid vapour, perhaps it operates in this way with regard to the pu^ad ex- 
alations from the lungs, and renders the breath of tome persons ino||Pive, 
which would otherwise be intolerably fetid and pettilenttalt* See page 56. 



• St Picrrc*t Studies of Nature, vol. i. 13. 
f Dr. Lanbe on Constittttional Diseaseifi 



i^VlII. Of Skfw. 

Ntture hts furnithed sn9W with the power of abtorbing tnd comhTiikig 
«irh a Urge portion of oxygen | hence it improves land by lying upon it. 
The Know melting and penetrating into the softened earth coromanicates to it 
oxygen, and thus promotes the germination of seeds. The carbon of tke 
earth combining with the oxygen is converted into carbonic acid, and there- 
by acquires more solubility } while the vrater contributes to excite thai ac- 
tivity which had been rendered dormant in the roots by the cold. It is this 
property' of carbon which deprives water of its superabundant oxygen, which 
would render it prejudicial to healthy and unfit fOr the purposes of life. So 
that what would otherwise be injurions to us is improved by the grobnd, and 
at the same time gives power and activity to the mould*. See page 76.- 

The nature of enow being now understood, snow-wateir may be applied to 
many medicinal purposes, whenever.the system is intended to be tapcr-oxyge- 
ttiied. Hereafter it may possibly he employed in the arts. 

XLIX. Mantrfactnre of Sugar • 

The sugar cane affords most of the sugar which is consumed in Europe. 
. The ripe canes are crushed between two iron cylinders, ^p*hiced perpendicu- 
larly. The expressed juice falls on a plate beneath, whence it flows into a 
caldron, where it is boiled with wood-ashes and Jime, and the Kum taken 
off. This boiling with ashes and lime ifr rispeated in three other boilers, and 
converts it into syrup. It is then strongly boiled with lime and alum, 
and when sufficiently concentrated is poured into hogsheads pierced at the 
bottom with many holes, to let off the molasses^ which will not crystalliie. 
These holes are afterwards stopped with canes, as we see them when impart- 
ed. The sugar, as it cools, becomes solid in the casks, and is called avaf- 
co^ado sugar. It afterwards undergoes several refinings in order to form it 
into loaf sugar. See Thomson^ Pourcroy, i8eo, vol. iii. ii6. 

It should be remembered that oxygea is absolutely necessary for the for- 
mation of sugar. Sugar is a vegetable olide. If sugar were deprived of the 
greatest part of its oxygen it would lose it sweetness, and would be no longer 
sugar, but a kind of gummy substance, possessing properties more analogous 
to gum than sugar. Mr. Cruickshank has effected this change in sugar by 
means of phosphnret of lime, which has a very strong attraction for oxygen, 
though he was not able to reproduce sugar by the union of gum with oxy- 
)ren. See pages 103 and 191. See also an account of these experiments in 
Dr. Rollo*s Treatise on Diabetes. 

L. Of Bormcic Acid. 
The boracic aeid is found dissolved in several lakes of Tuscany. In the 
waters of the lake Cherchiago, near Monterotondo, in theprovince of Sienna, 
this acid exists in sufficient abundance to be advantageously converted into 
borax, by soda, Fabroni, a chymist of eminence at Florence, asserts that 
this acid is a modification of the nmriatic, and that it may be totally formed 
by means of the latter acid. See page 136. 

LI. Of tbe Affinitm of OxygM* 
With the exception of caloric, oxygen seems to take the lead of all sub- 
sta||tt by the extent and energy of its affinities. See pages zaa and 14^. 
AdHmas a great disposition to elasticity, every elevation of temperature 
weakens its combination w<th solid bodies. The two properties which par* 
ticularly characterize oxygen are, first, that of combining with substances 

* PiiiBlien on the Nature of Snow. 
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wfaich are inflafflmable, and which cease to be so by the comlHnation } second, 
that of coinmufiicating acidity to the combinations which it forms» when it 
does not experience too great a degree of saturation. 

Strong aflUnity for oxygen may be attributeu to tbose substances which 
can vanquish and combine with a large (quantity of it without becoming 
Hydrogen holds the first pUce in this rejpcct* BerthoUet* 



LII. Of tbe Uiis of Diamond. 
The lapidaries use a considerable quantity of diamoncf, which they pul« 
verise in iron mortars, and employ in that state, with steel instrumental to 
divide pebbles and precious stones. These small pieces of diamond are 
worth 28 shillings a carat. The use of. the diamond in this way is very ex* 
tensive. Had nature withheld the diamond,— the pebble, the agate, and a 
variety of other stones, would have been of little value, as no other sub- 
stance is hard enough to operate upon them. In this way rock crystal from 
Brazil is divided into leaves, and ground and polished with diamond dust for 
Spectacles, and other optical instruments. See page 180. 

LIII. Of tbe Effect of Oxygen upon Colours. 
Several of the effects of oxygen have been mentioned in different parts of 
this work ; but its action on colouring substances has not been noticedf 
though U is various and striking. When woollen cloths are taken out of 
an indigo vat, they are of a full green colour ; but they are scarcely e3^|pd 
to the atmospheric air a minute, before they imbibe a sufficient portRlrof 
oxygen to change (he colour to a deep blue. In like manner the whelk (the 
baccinum of Linnaeus), which is used to dye purple, undergoes as extraor* 
dinary a change. The liquor, though naturally yellow, becomes oxidized 
hf exposure to the sun and air, passes through various shades of yellow, 
green, crimson. Sec. and at length assumes that colour so precious in the 
eyes of the ancients. A good black cannot be given to cloth without fre« 
quent exposure to the air. Light has a great affinity for oxygen : hence 
clothes frequently fade and lose their colours by the abstraction of oxygen. 
That part of the furniture of a bed which has been exposed to the sua 
will often be entirely faded, while the parts which have not been so exposed 
will retain their original colours. All this arises from the same cause} f«i* 
the oxygen which existed in a solid form is rendered acrilorm by the rays of 
the sun, and goes off in the state of oxygen gas. See page 246. 

LIV. Of tbe Gases emitted in Kespiration. 
Having shown that sheet of the work which contains page 59 to a friend of 
mine, an ingenious chymist, he suggested that those remarks on the levity 
of nitrogen gas' evolved from the lungs in respiration, would have more force 
were I to contrast this character with the superior specific gravity of carbonic 
acid gas, wich is ejected at the same instant. For during that remarkable 
interval that always occurs in breathing, there is sufficient time alio^^ed for 
these noxious fluids to separate ^ the first to ascend, while the other prepon- 
derates, leaving a space for a fresh current of uncontaminaied atmospheric 
air. Thus every thing is prepared without any care or forethought of ours 
for a new inspiration. 
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Tte air inlnlM boot the gss ^'V!^, 

Tbat horn a thoo M ad Imifi icrits tack to tfaiae 
Sated wica cK fc al a ti oM laak and Ml, 
Wtnch, dmafc, wovid poiacNi tha talsanuc bloodj 
Aod rcNite tbe lieart to er*iy farcr*a rafe— 
But air that tranbha^ ioats from lull to bill. 
From vale to ■mimaia, with inccsflaat cbaagiB 
Of pvreat elancBt. 

LV, CfLaUu 

Glaaier^s potty is a vary good lote for all cosnoo pwrpoacs, bat it ii 
necessary that die wbitiBg be made thotooghly dry before it is mixed wi^ 
the oil. 

Dr. Black recomoieiids a mixtore of fbor parts sandy aad one of cby, 
except where it is to be expoead to an intenae beat, and in socb sitoxtioas to 
use six of sand to one of clay^ 

For ^^- lute Mr. Watt directs the use of poixelvn clay from Cornwall 
(not pipe-clay), to be poonded small, and mixed op to the consistence of 
thick paint, with a solorion of two ounces of borax in a pint of hot water. 
For want of this pecoliar kind of clay, slacked qoick-lime^ mixed up in the 
sam^maoner, may be osed* This may be kept ready mixed in a covered 
ve^p*' For cM-iatt he directs to take cqoal pmts by measore of the above 
clay and wheat Hoar, and to mix th^ to a proper consistence with cold 
water. This* it more tenacious than his fire lute, but does not keep so well. 

A very excellent lute for most purposes may be made by beating up an egg, 
both tbe white and tbe yolk, with half its weight of quick-lime in powder. 
This lute is to be put upon a piece of linen, and applied as usual. It dries 
slowly, but becomes very compact, and acquires great hardnctt. 

LVI. 0/ DutiUatUm. 
Some important directions fur the management of different kinds of distilla- 
tion may be seen in a paper of the tbirteenib volume of the Repertory of Arts, 
which gives a very particular account of the management of these processes 
of Petcrsborgh. 

LVII. Of Gypsum^ commonly cttlUd Piaster of Pmris, 
The property which sulphate of lime ha» of setting into a compact mats 
when mixed up with water was well known to the ancients. Herodotus ia« 
forms us of a curious method, by which the inhabitants of Ethiopia pre- 
served the remembrance of their deceased lelatives. They had the custom, 
be says, of drying the body in the sun, then covering it with a paste of 

fypsum, and of painting the portrait of the deceased upon the plaster. 
ee page i66* 

LVni. Of tbe extreme Hardness of Ice in some Countries* 
The foliuwing narration will show the solidity that water is capable oT 
acquiring virhen divested of a large portion of its caloric :— During the severe 
winter of 1740, a palace of icc, fifty-two feet long, sixteen feet wide, and 
twenty high, was built at Petersbwrgh, according to the most elegant rules 
of art. The river Neva affoided tbe ice, which was from two to three feet 
thick, blocks of \rhich were cut, and embellished with various ornaments* 
When built up, the different parts were coioured by sprinkling them over 
with wa^ ' 'nous lints. Six cannons made of, and mounted with, ice, 
with V same matter^ were placed before the palace; and a hempen 



L 



AODtnONAL MOTES. S81 

let was driren by one of these cannon, in the pretence of the whole 
irty through a board two inches thick> at the distance of sixty paces*. 
page S9. 

No foreft fell» 
Imperial mistress of the for. clad Russ, 
When thou wouldst build««>no quarry sent its stores 
T* enrich thy walls t but thou didst hew the floods 9 
And make thy marble of the glassy wave. 
Silently as a dream the fabric rose j 
Ice upon ice the well adjusted parts 
Were soon conjoined } nor other cement askM 
Than water interfused to make them one. 
Lamps gracefully disposed^ and of all hucs» 
Illumined evVy side. Long wavy wreaths 
Of flowers, that feaiM no enemy but warmth,* 
BlushM on the pannels, which were once a stream. 
And soon to slide into a stream again. 

CowflAi 



* Alt de Bomare* 
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TABLES. 



^ taib of Carats 9 with tk 
for ascertaining the Specif 
heavier than Water* 



Cantt. 


Sp. Grav. 


CartU. Sp 


• GraT. 


Car^, 


1 = 


: 1.0078 


33 ^^ 


2578 


^1 • 


% 


I.OI56 


34 « 


.2656 


: 66 


3 


1.0234 


tl ! 


•^734 


i *^7 


4 


1.0312 


.2812 


68 
69 


5 


i.e39o 


37 > 


.2890 


6 


1 0468 


38 I 


.2968 


70 


7 


1. 0546 


30 « 


,3046 


7' 


8 


1 .0625 


40 I 


.3125 


7« 


9 


1 .•703 


4« « 


.3*03 


73 


10 


1.0781 


4» 1. 


.3*81 


74 


11 


1.0859 


43 > 


3359 


75 


12 


1.0937 


44 > 


•3437 


7<> 


13 


1.1015 


4| « 


35«S 


77 


H 


1.1093 


46 1 


•3593 


78 


IS 


1.1171 


47 » 


.3671 


79 


i6 


K12541 


48 1 


'3750 


8q 


17 


1.1328 


49 1 


.3828 


81 


i8 


1.1406 


so 1. 


.3906 


8« 


"9 


1.1484 


S' » 


.3984 


83 


20 


1.1562 


s« « 


.4062 


84 


21 


1.1640 


53 » 


.4140 


M 


22 


1.1718 


54 ' 


.4218 


86 


23 


1.179^ 


55 • 


.4296 


87 


«4 


1.1875* 


S6 1 


4375 


88 


*5 


»«953 


57 I 


•4453 


89 


26 


1.2031 


$8 1 


45 3 « 


90 


«7 


I.2I09 


59 «, 


4609 


9» 


28 


1.2187 


60 I 


4687 


9« 


29 


1.2265 


61 1. 


.4765 


93 


30 


»-2343 


62 1, 


.4843 


94 


3« 


1.2421 


63 1 


.4921 


95 


3» 


1 250« 


64 I, 


.5000 


96 



\r corresponding Degrees of Specific Gravities^ 
c Gravities of ^UtaUm tses, or other flntdst 



8p. Grav. 

.5078 
.5156 

•5*34 
5312 

.5390 

.5468 

•5546 

•5^*J 

•57®3 

.J7»i 
5859 

•5937 
.6015 

.6093 

.6171 

.6250 

.6328 

.6406 

6484 
.6562 
.6640 
.6718 
.6796 
.6875 

6953 

.7031 
.7109 

.7187 
.7265 

7343 
.7421 

.7500 



Carati* 
97 a 

98 

99 



01 

02 
03 

^4 

05 
06 

07 
08 

09 

19 
II 
12 

*3 

:i 

«9 

20 

21 
22 

23 

24 

25 
26 

27 
28 



Sp. 6raT« 

7578 
7656 

7734 
7821 

7890 

7968 

8046 

8124 

8202 

8280 

8338 

8436 

8514 

8593 
8671 

8750 

8828 

8906 

8984 

9062 

9140 
9218 
9296 

9375 

9453 

953i 
9609 

9687 

9765 

9843 

99*1 
0000 



For an account of tke principle on which this table is constnicted, fee Additional 
NotcSf No. !• 



Tailt »/ tie Dtgrits af Jiffirint Tbirmtmttiri fmUtttag frattttmi) M 
vnbicb Jam* riymicai Pbttnatw" Bctur. 



Cold producfJ by Mr. 1i 
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H (onw and muriiie of (bda 
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SdIiAdt bum* Ilonfy 

Tin mcln 
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^ 7 


— 17 

— 14 


II 








M 
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ss 








T. 
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8S 


»S 
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^ 
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1077 
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14 
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3» 
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3tBo 


S 
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9850 
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11414 
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9708 
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.1857 


' T 


ti"7 
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Tahli of fretzing Mixtures. ^^From Mr. ^Walkir^s Pap&s in the PhL- 

lofrpbical Traii/aSionSm 



A Mixture of 

Sulphate of foda • 
Mutiatjc acid • 

Snow , . • 

Muriate of foda • 
Snow . • 

Muriate of foda • 
Snow • • 

Muriate of foda . 
Muriate of ammonia and nitrate 7 
* of potafh of each \ 

Snow . . . • 

Diluted fulpburic add 
Snow • • • • 

Muriate of lime • • • 

Snow • • • • 

piluted fulphuric acid • 



Parts. 



Redoces^he temperature. 

from 50° to qO 
from 3a® to qO 
from o* to —5® 

from— 5® to— 18* 

from 10* to— 60® 
from —40* to —73** 
from -—68^ to — 91^ 



The falts ought to 'be freih cryftalUsed, and reduced to very fine powder^ and the 
nixturet made in thin Teflelt as quickly as poffible. 



Numerical Expfieflion of Chymical Affinities.^— — By M* Moiveau. 





Sulphuric 
Acid. 


Nitrous 
Acid. 


Muriatic 
Acid. 


Acetous 
Acid. 


Carbonic 
Acid. 
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i 65 


62 


36 


29 


14 
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26 


9 
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58 
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3« 


'4 


90 


4 


Magnefia 


■ 50 i 


40 


16 


17 


6 


Argil 


40 


36 


10 i 


»5 


2 



iVW#, The above table, ihowing the comparative force of attraftions between the 
^orefaid bodies, maybe ufeful to point out the probability of any particular drcompOf 
ptioAy ptevious to the attempt being made. 
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Table of the Qnaatity of Alkalkt aa4 CntlisttkcB vp ^ roo Pats of lolSslpbB' 
ric, Hitrie, Morutk, and Carboiuc Adds, wliea iatanfied^— Bj Ifr. "' 
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TABLE OF BAUMfe»S HYDROMETERS, 

f aamc*8 Hydrometer for Vinous Spirits. Temperature 55^ Fahrenheit. 



Degfiees. 


Sp. Grav. 


Degrees. 


Sp. OraT 


20 


ws x.ooo 


21 an 


■ —.922 


It 


— 99® 


zx 


—915 


jm 


—985 


«3 


r-.9«>9 


^y 


—•97? 


*4 


—.903 


»4 


—97^ 


:i 


-.897 


!l 


--.96s. 


^-.892 
—.886 


— 95i 


*7 


»7 


— .949» 


28 


—.880 


28 


—.942, 

— .935* 
-.9»8 


29 


-.874 


X9 


30 


—.867 


•20 







3« 

3» 
33 

34 

3 

3 

3« 
39 
40 



T-.861 
—.856 
—.852 
—.847 
—.84s 
—837 
—.832 
—.827 
"•^822 
—•817 



Baoipe*8 Hydrometer for Salta and Acids. Temperature 55* Fahrenheit^ 

Degrees. Sp« Grav.lDegreet. Sp* Grav. iDegrees. Sp. GraT, 
o X.OOO* 27 1.230 51 '•547 



3 

6 

9 

S2 

\l 

21 



X.02<^ 
1.049 
1.064 
1.08^ 
I.XX4 

i«x,4(> 
1.170 

1.200 



30 
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36 

39 
4* 

4* 



1.261 
1.295 
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54? 
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1.717 
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Table of the Quantities of Acids and Bafes which mutually neutralise each other: 
calculated by BerthoUet from the New Tables pobliihed by Richter. 

Acids. 



Bafes* 



Alumine . . 


1:1 


Magnefia • 


Ammonia . 


672 


Lime • 


793 


Soda 


859 


Strontian • 
Poufh 


1^5 


Barytas 


a^2ft 



Flooric 

Carbonic 

Sebacic 

Muriatic 

Oxalic 

Phofphoric 

Formic 

Sulphuric 

Succinic 

Nitric 

A^tic 

Citric 

Tartateous 



4*7 

706 
712 
755 

988 
xooo 
1209 

2405 

1480 

1683 

-1694 



Note^ The intention of this table is, that if an article in one of thefe'two columns 
is taken. •*.fbr example, potaih«..*to which the number 1605 correfponds, the numbers 
of th? other column ;wili ihow how much of each acid is required to neutralize thefe 
ri5o5 parts of poufli : vie. they will require, 447 parts of fluoric acid, or C77 of car- 
bonic acid, or 1480 of ace ic acid, &e. In like mai^ner, if an article of thefecond 
column be taken, the firft column will (how how much earth or alkali will neutralize 
It. By means of the rule of three, this table may be applied to any quantity of either 
of the above ubftanccr. 
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TABLES. 



^ iaib 9f Carats 9 wiib their cwresf^nding Dtfuts §f Specific 

t^is, m' •ibn Hutds9 



Gravitiiu 



fir ascertaiwng tin Sficific Gravttiis of ^Ikalim 
hioviir than Watit. 



Ctnti. 


Sp» Grar. 


1 s 


: 1.0078 


% 


I.OI56 


i 


1.0234 


4 


1.0312 


5 


I. #390 


6 


1 0468 


7 


1.0546 


8 


1 .0625 


9 


i.«703 


lO 


1.0781 


II 


1.0859 


12 


»-0937 


»3 


1.1015 


14 


1.1093 


'1 


I.U7I 


i6 


l«I25t 


»7 


1.1328 


i8 


I.1406 


19 


J. 1484 


30 


1.1562 


91 


1.1640 


31 


1.1718 


*3 


1. 1796 


'4 


1.1875' 


»| 


»"953 


26 


1.S031 


a? 


1*2109 


28 


1.2187 


*9 


1.^265 


30 


« *343 


3» 


I.t42l 


3» 


I 950« 



Cant*. 

33 ' 
34 

3S 

j6 

37 
38 
30 
40 
4« 
4« 
43 
44 

4| 
46 

47 
48 
49 
5<» 
5« 
S» 
53 
54 

55 

S6 

52 
f8 

60 
6t 
62 

63 
64 



Sp. Grar. 

i.>578 
1.2656 

«-^734 
i.28ia 
1.2890 
1.2908 
1.3046 
1.3125 
1.3*03 
i.3«8| 

» 3359 

»-3437 

« 35>5 

i-3593 

l-367« 

1-3750 
1.3828 

1.3906 

i.39»4 
1.4062 

1.4140 

1.4218 

1.4296 

J4375 
"•4453 
1-45 3 1 
1,4609 
14687 

1.4765 

l-4«43 
1.4921 

1.5000 



65 m 

66 

67 
68 

69 

70 
7i 
7* 
73 
74 

75 
76 

77 

78 

79 
8q 

81 

89 

83 
84 

\ 
86 

87 
88 

89 
90 
9^ 
9« 
93 
94 
95 
96 



8p. Grav. 

1.5078 

1.5156 

••5*34 
15312 

1.5390 

1.5468 

1.5546 

1.5625 

»-57«3 
1.5781 

1 5859 

1-5937 
1.6015 

1.6093 

1.6171 

1.6250 

i.6328 

1.6406 

1 6484 

1 .6562 

1.6640 

1.6718 

1.6796 

1.6875 

16953 

1.7031 

1.7109 

1.7187 

17265 

» 7343 
1.742 1 

1.7500 



Cantt. 


5p. 6rar« 


97 - 1 


1.7578 


98 1 


1.7656 


99 I 


^7734 


ISO 1 


1.7821 


101 


1.7890 


102 1 


1.7968 


103 1 


18046 


184 1 


1.8124 


105 1 


1.8202 


106 1 


1.8280 


107 1 


18338 


io8 1 


1.8436 


ic9 1 


1.8514 


no 1 


1.8C93 
1 8671 


III 1 


112 1 


1.8750 


113 1 


1.8828 


11+ 1 


[.8906 


ii| 1 


1.8984 


116 1 


1.9062 


::: ; 


1.9140 


1 9218 


119 1 


\ 9296 


120 ] 


'•9375 


121 1 


'•9453 


122 ] 


1.9531 


123 > 


1 .9609 


124 1 


1.9687 


125 1 


1.9765 


126 ] 


19843 


127 1 


.9921 


128 J 


t.oooo 



For «a accotmt of tke principle on which this table is constrocted, fee Additional 
Notes» No* 2« 



Tailt af Ihe Digritt sf iifnint Tbirnumiifrt f omitting /raetitMtJ m 
tebicb Jomt tbjmictti Pbmatmxa cttnr. 



Cold produced bj Mr. Walker 

Nitric *cid lia«i 
MCRU17 freeict . 

Bnndf frcno 



Cola ptnduced bjr n 


■liHg equal p>i;ti 


01" fn-m ind m»T 


auoffeda ' 


Strang winiificuc 




'Wlt<!["»I» 


. 


Vinous ftmeniatio 


n beiini 


Ditto npid, and lO 


t»ufi-,lM 


AceWHi fetmrntiti 


n cola 


%A« . HI. 








Tall'^ m<l>. 




Ammoni. Icp>nu3ft«m«ter 


Bcei" wai mda 




CumphorfuWimn 




Bl(>chcd w» mdc 


- 



Sulchnr bumi OowIt 
Tin nwin 
Sulptioric add boiU 



Iron ■ bH;Ii< nd id thedi 
Bydngen gai butnt ' ■ 
Iron rfd in the cwillKbl 



Ddft win fired 

Cream -coloured Hoik ware fired 

^lln' jiaf' fa-naee ptateB hen 



CrtMtft heat obferred 



Fahr. 


Reao. 


Ce^t 


W.J,. 


— S' 


- 54:- 68 




— 6< 


— 44 


- SS 




— 39 


— Ji 


- 39 




— 7 


— 17 

— 14 


- H 

— iJ 










_ s.;_«. 




3« 


.1'' '^ 




S9 




<S 




y 


»s 


•5 

J" 




9« 


y 


3< 

45 




U7 


41 


S3 




I)0 

t4S 


4* 

49 


S 




MS 


SO 


'3 




"SS 


1* 


^ 




170 
176 


1 ^ 

|0 liM 




IJ4 


89 .u 




14a 


93 iiS 




303 


IM .5«l 




441 


ill 117 




K 


U> 3«J 

158; jis 




660 


179! 3SO 




700 


»97i 371 




750 


31s: 3'4 




too 


341 4»7 




%^ 


3S0 


475 




1050 


44S 


56. 






461 


|S 




iSoJ 


737 


6 


*g9T 


'4SI 


ih. 


14 


3fc? 


.678 






45*7 
♦7"7 


IC14 

1081 


ii 


3 


i;2; 


13.3 


.,t= 


J» 


isg3 


j.»o 


52 


iM';7 


5370 


6770 


SS 


15897 






"4 


17317 


ll]l 


0600 


US 


17977 


797 s 


9850 


IJO 


«>!77 


9n" 


11414 


'5? 


«l637 


9601 


..«,. 


.-g 


11877 


970S 


.•.36 


13'77 


10186 


,.!S7 


170 


15117 


iiioe 


>»~ 


'*S 
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Table of Fretzing Mixiuns.'-^Frem Mr. ^IFaUer's Pafirs in the PbU- 

lofophical Tran/aSions. 



A Mixture of 

Sulphate of fodt • • 
Muriatic acid 
Snow , • 

Muriate of foda 
Snow 

Muriate oi fodt 
Snow « 

Muriate of foda 
Muriate of ammonia and nitrate 1 
' oi potaih of each y 

Snow • • • • 

Diluted fulpburic add 
Snow • 

Muriate of lime 
Snow • 

piluted fulphuric acid 



Parts. 






« 



Reduces^he temperature. 

from 50® to o® 
from 32® to cP 
from o** to —-5® 

from— 5®to— 18* 

from ao* to— 60® 

• 

from —40* to —73** 

from — SS^) to — Qi^ 



The falts ought to 'be frefh cryftalllsed, and reduc^ to very fine powder, and the 
fDixtures made in thin ▼eflels as quickly as poffible. 



Nuttericat Expfpffion of Chymical Affinities.— By M. Morveau. 





Sqlphuric 
Acid. 


Nitrous 
Acid. 


Muriatic 
Acid. 


Acetous 
Acid. 


I 

Carbonic 
Acid. 


Barytes 


65 


62 


36 


29 


»4 


Potafli . 


62 


58 


3» 


26 


9 


Soda 


•5? 


5Q 


28 


*S 


8 


Lime. 


54 


44 


20 


»? 


2 


Ammonia - 


46 


3» 


H 


30 


4 


Magnefia 


• 50 1 


40 


16 


»7 


6 


Aigil 


40 


36 " xo "i 


15 2 



Ntt*. The above table, fhowing the comparative force of attraftions between the 
sUbrefaid bodies, may be ufeful to point out the probability of any particular drcompo^ 
lltiony ptevious to the attempt being made. ■> 
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TaUe of the fuae^«f fol Acii 



■»W 



lOoFaftk 


Ml|NMtBC«| IffCnC* 


Marutie. 


'C«fc«ic 


PouA 


»»m; h^ 


5^»y> 


105 


Soda 


t^^M 


«15»7« 


7S»4X 


6M0 


XmoMMua . 


3fj,8o 


«47t»» 


«7» 


▼aialfc 


Baiyttt 


50 


K^ 


}Mo 


st» 


Strootuui • 


7«.4l 


46 


43»M 


Lime • 


^\ 


^79»SP 


Um 


«Mi 


Mafadia . 


I7*f% 


SIO 


«"»J5 


200 


Alvflriae • 


iy>»fo 


• • 


• 


}»s . 



nc 



Table of the Qoasdty of Alkaiict nd Eartfas takes op fcf roo F«tt «f icdSvlplia- 
Nitricy MonatJCy and Carbooic Acids, when fatttrated..^By Mr. Kf — '- 



100 Parti, 



Sulphoric 
Kftric 
Moriatic 
Carbonic 



PocaOi 



117,70 
177,60 



Snda« I Ammo. |Barytet« 



I 



7»,3i 

73»03 

136,20 



26,05 

4«»35 
58*48 



200 
178,12 

3«4»4^ 



SuiMi. ' Li 



•3« 
ii6,S6 

216,21 



70 
55j70 

"Mo 



57»9* 
47»^ 

5? 



Tailf/ttt 



Pmii »/SmU.—By Mr. KiruMUt. 



S.lt<. 


«■'"■. 


Add. 


"WSSTT 




kar. J* 


60 


30 


6 


u y 




fl 


M 


16 


j.jn.iii«j 


'■ r-di 


11,58 
S9.86 


14.41 


64 




rod. 


♦".OS 




Jtli. Jled 


b«y(a 


78 






INu iir>l 




&9>S 


30 




NJlunl 




55 


fS 




Nitur 1 >Dd part 




•5 


JO 


»S 


Cfyftilllied 


_ cnrnmoQ do. , 


ts 


34 




Diit4 .t tcfi 


iul^h.-erfpotifh 


iUt 


4S,oi 




D., 




.8,48 


»3.S» 


58' 


Full; cryftilllitd 


" rod. ! 


«4 


S6 




Dcfictalcd at 700'' 




U,i4 


54,66 


3i.» 




bJiylc. 


66,66 


33.33 




Nmuril 




58 


4» 




N-Ur.l 


lilTE 


31 


46 




D.«dat66'' 


lime 


JS-'J 


5°.39 


■4.38 


D-ico at i7o« 


lime 


3R.S, 


55.84 


5-35 


Igmlcd 






<9 




Incandefcent 




"7 


"9.3S 


53.65 


fully cnflaUiicd 




j6.6! 


63.3» 
'7.66 




DcTicistcd 


Alum 


S» 


Cryft.lli.>ul 


Alum 


63.75 


16,1s 




Deficcaled it 700= 


Nln-jtfofpotia 


5i,a 


H 


i.> 


Dried ai 70° 


fodi 


*o.5S 


53.*» 


S,xl 


Dried at 400*^ 


rod> 


*'.34 


57. iS 




UcUed 


immoitta 


11 


S7 








S7 


3» 




CtyflitliicJ 


ftr«n.iiin 


J6," 


3i>07 


3>.7» 


Crydilliied 




3» 


S7M4 


10,56 


WrUdnnliDa'ii 


m.gntfi. . 




46 


H 


CryftnUiaed 


Mu'J..eofp<..i.fl) 


64 


36 




DriMilgoO 


rl.!. 


5J 


47* wit 




DtiedatSo' 










CryllalliKi 




»S 


4»,7S 


3 MS 


Sublimed 




64 




i£ 


CrTOilliHd 


haTTtii 


76,i| 


'j,g 




Dtficcittd 




t° 


1% 


l> 


CryftaU,«d 


.. firontian 


S9 


3' 




Deficc-ttd 




!= 


41 


K ' 


Rtd hot 




3.,07_ 


34,59 
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EXPERIMENTS^^ 299^ 

65. Take the transparent liquid produced in the last experiment^ and give 
it heat. The earth will now be precipitated in the state of CARBONATE 
OF lime: as before. 

66. Pour a little clear lime water into a wine glas8» and a little clear 8olu« 
tion of carbonate of potash into another glass. When these two transparent 
fluidi are thrown together, an abundant precipitate of CARBONATE OF 
LIME will be the concjequence. 

67. Proceed as in the last experiment, but instead of carbonate of potash, 
pour a solution of Epsom salt mto one of the glasses. When these transpa- 
rent fluids are poured together* a mixe^recipitate of CARBONATE OF 
MAGNESIA, and SULPHATE OF^^IME will be produced. 

68. For another experiment take in the same manner, separately, lime 
water, and a solutvon of alluro. The union of these solutions will produce 
a mixed precipitate of ALUMINE and SULPHATE OF LIME. 

69. If a strong solution of caustic potash, and a saturated solution of Ep* 
8om salt be mixed, the union of these transparent fluids will produce also an 
abundant precipitate. But this will consist of MAGNESIA and SUL* 
FHATE OF POTASH. 

70. To a glass of water, suspected to contain carbonic acid, add a small 
quantity of any of the other acids. If carbonic acid be present, it will be* 
come visible by a SPARKLING APPEARANCE on the sides of the glass 
and surface of the fluid. 

71. Prepare two glasses of pure water, and into one of them drop a single 
drop of sulphuric acid, and mix it with the water. Pour a little muriate of 
barytes into the other glass, and no change will be perceived : pour some of 
the same solution into the first glass, containing the sulphuric acid, and a 
white precipitate of SULPHATE OF BARYTES virill be produced. 

72. Prepare two glasses of water as before, conduct the experiment in the 
same way as the last, but instead of muriate of barytes, use nitrate pf lead. 
In this case SULPHATE OF LEAD will be precipitated. 

' 7^. Prepare two glasses of rain water, and into one of them drop a single 
drop of sulphuric acid. Pour a little nitrate of sil*ver into the other glass, 
and no change will be perceptible. Poor some of the same solution into the 
first glass, and a white precipitate of SULPHATE OF SILVER will ap- 
pear. 1^ 

74. Prepare two glasses as in the last experiment, and into one of theflPput. 
a drop or two oi muriatic acid. Proceed as before, and a precipitate of MU* 
RIATE OF SILVER will be produced. 

75. Take two glasses, as in experiment 73, and into one of them put a 
drop of sulphuric acid, and a drop or twoW muriatic acid t proceed as be- 
fore with the nitrate of sii'ver, and a MIXED precipitate will be produced, 
consisting of MURIATE OP SILVER, and SULPHATE OF SILVER. 

76. Take the glass containing the mixed precipitate of the last experinrent^ 
and give it, by means of a lamp, the heat of boiling water. The sulphate of 
silver, if there be a sufficiency of water, will now be r'e»dissoived, and the 
muriate of silver will remain separate at the bottom of the vessel. This ex- 
periment exhibits a method of SEPARATING these METALLIC SALTS 
whenever they occur in a state of mixture. 

77* Mix one ounce of litharge of lead with one drachm of pulverized rouri* 
ate of ammonia, and submit the mixture to a red heat in a clean tobacco 
pipe. The increase of temperature will separate the ammonia in the form of 
gas, and the muriatic acid will combine with the lead. When the compound 
is well mehed, pour it into a metallic cup, and you will have a true MURI- 
ATE OF LEAD of a bright yellow colour, the brilliancy of which may be 
much heightened by grinding it as usual with oil. In this state it foi-ms the 
colour called PATENT YELLOW. 
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S&6 lOtPtRlMEKTS, 

78. Take one ounce of red lead, and half a drachm of charcoal in powder |. 
incorporate them well in a mortzr, and then 611 the bowl of a tobacco pipe, 
with the nnixture. Submit it to an intense heat in a common fire, and, when 
melted, |>our it out upon a slab. The result will be METALLIC LEAB 
completely revived. 

V 79. Take a little red-lead^ submit it to an intense heat in a crucible, and 
pour it out when melted. The result will be metallic glass, and will furnish 
sn example of the VITRIFICATfON OF METALS. 

80. Pour a little solution of indigo in fiulpauric acid into a glasR of water, 
mnd add about an equal quantity ol^nolutiv^n of carbonate of potash* If a 
piece of white cloth b^ dipped in thirmixture, it will come out a BLUE. If 
» piece of yellow clorh be dipped n it, it will become a GREEN, or a icd will 
be converted to a PURPLE. A slip of blue litmus pa|per immersed in it 
will immediately become RED. 

81. If a little fustic, querctron bark, or other dye, be boiled ir. water, the 
Colouring matter will be extracted, and a coloured solution formed. On ad- 
ding a small quantity of dissolved alum to ths decoction, the colot^ring mat- 
ter will be rendered INSOLUBLE AND IMMEDIATELY PRECIPI- 
TATE, combined with the alumine, the base of this salt. 

8i. Boil a litUe cochineal in water with a grain or two of cream of tartar, 
(super tartrate of potash) and a dull kind of crimson solution will be furnred. 
By the addition or a few drops of nitro. muriate of tin, the colouring matter 
will be PRECIPITATED OF A BEAUTIFUL SCARLET. This, 
and some of the former instances, will give the student a tolerably correct idea 
of the general processes of dying woollen cloths. 

83. If a few strips of dyed linen cloth, of different colours, be dipped into 
a phial of oxygenized muriatic acid, the colours will be quickly dischaiged; 
there are few colours at least that can re^st the operation of this acid. This 
experiment may be considered an example of the process of BLEACHING 
coloured goods. 

84. Having found a piece of blue linen cloth, that will bleach <n oxygenized 
muriatic acid, dip the tip of the finger in a solution of tnuriats of tiny and 
press it while wet with the solution, upon a strip of this cloth. After an in- 
terval of a few minutes immerse the cloth in the phial of oxygenized muriatic 
aa||k and when it has remained in it the ufual time, it will be found that the 
s^ffwhich was previously wet with muriate of tin has preserved its ORIGI- 
NAL COLOUR, while Ihe rest of the cloth will have become WHITE. 

85. Add to a solution of cnbonate of potash an equal quantity by w:eigbt 
of nitrate of iron, and apply it to a piece of chHco ; it will produce a PER- 
MANENT COLOUR, viz. the buff of the calico printers. 

86. To an ounce of arnotto add an ounce of the potash of commerce, and 
boil these in water till pei feet ly dissolved. This will produce the PALE 
REDDISH BUFF so much in use, and sold undei the name of NANKEEN 
DYE. ' 

87. If muriate of tin, newly made, be added to a solution of ind'go in 
sulphuric acid, the oxygen of the indigo will be absorbed, and the solution 
instantly converted to a green. It is on the same principle that muriate of 
tin is employed in cleans ng discoloured leather furniture j as it absorbs the 
oxygen, and the LEATHER IS RES! ORED TO ITS NATURAL 
COLOUR. 

88. Take a piece of very dark brown Hnen that has been dyed with fustic^ 
and spot it in several places with a colourless solution of muriate of tin. Where- 
ver the cloth has been touched with this solution, the original colour will be 
discharged, and SPOTS OF A BRIGHT YELLOW will appear in its 
stead. 
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89. If lemon juice be dropped upon any kind of slate, buiff or yellow co« 
I/>ur, the dye will instantly b\^ discharged. It is by this method that calico 

Srinters give the WHITE SPOTS OR FIGURES TO PIECE-GOODS, 
"he crvstallized acid in a state of solution is generally used for this purpose. 
These few experiments will give the student some idea of the nature of calica 
printing. 

90. Take a slip of blue litmus paper, and dip it into acetous acid : this, 
^ill immediately change it to a red. It is so delicate a test, that according 
to Bergman, it will detect the presence of sulphuric acid, even if the water 
>ontain only one part ot acid to thirty-five thousand parts of water. Litmus 
paper wh«ch has been thus changed by immersion in acids, is, when dried, a 
;ood test for the alkalies ; for, if it be dipped in a fluid containing the 
smallest portion of alkali, the red will disappear, and the paper be restored 
its ORIGINAL BLUE COLOUR. 

91. Take a slip of turmeric paper, and dip it into any alkaline solution ; 
this will change the yellow to a deep brown. In many casts turmeric is pre- 
ferable to litmus paper for detecting alkali in solution, as it suflfers no change 
from carbonate of lime, which is often found in mineral waters. This paper 
will detect the presence of soda, though it should amount to no more than 
i-220oth part of the water. The paper thus changed by an alkali, would, if 
dried, be still useful as a test for acids, which restore its ORIGINAL YEL- 
LOW. 

92. Write upon paper with a diluted solution of muriate of copper ; when 
dry it will not be visible, but on being warmed before the fire the writing 
will become of a beautiful YELLOW. 

9^. Write with a solution of muriate of cobalt. The writing, while dry, 
will not be perceptible § bat if held towards the fire, it will then gradually 
become visible ; and if the muriate of cobalt be mad&in the usual way, the 
letters will appear of an elegant GREEN colour. 

94. Write with acetate of cobalt, or with a muriate of cobalt previously 
purified from the iron which it generally contains. When the writing is be* 
come dry, these letters will also be invisible. Warm the paper a little, and 
the writing will be restored of a beautiful BLUE. 

95. Draw a landscape with Indian ink, and paint the foliage of the vege- 
tables with muriate of cobalt, the same as that used in experiment No. 95, 
and the flowers, some with acetate of cobalt, and others with muriate of cop^ 
per. While this picture is cold it will appear to be merely an outline of a 
landscape, or winter scene} but when gently warmed, the trees and flowers 
will be DISPLAYED IN THEIR NATURAL COLOURS, which they 
will preserve only while they continue warm. This maybe often repeated. 

96. Write with dilute nitrite of silver. When dry it will be entirely in-> 
visible. Hold the paper over a vessel containing sulphuret of ammonia. 
The writing now will appear very distinct, and the letters will shine with the 
METALLIC BRILLIANCY OF SILVER. 

97. Write with a solution of nitrate or acetate of lead. When the writing 
is dry it will be invisible. Then having prepared a glass decanter, with a 
little sulphuret of iron strewed over th^ bottoni of it, pour a little very dilute 
aulphuric acid upon the sulphuret, so as not to wet the mouth of the decanter, 
and suspend the writing by means of the glass stopper, within the decanter. 
By an attention to the paper the WRITING WILL BECOME VISIBLE 
by degrees, as the gas rises from the bottom of the vessel* 

98. Write with a weak solution of sulphate of iron ; let i' * Mt will 

be invisible. By dipping a leather in tincture of galls an' ; wee 

feather over the letters, the writing will be REST ipc^r 

BLACK. - 
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99. Write with a stmilar tolutioiiy and when dry wash the letters in the 
same way with prussi^te of potash, and they will t)e restored of a BEAU- 
TIFUL BLUE. 

100. Write with a solution of sulphate of copper, wa^b as before widi 
prossiate of potash, and the writing will be revived of a REDDISH BROWN 
colour. 

xoi. Procure a ghss jar, such as is generally used for deflagrating the 
ga^es, and fill it with oxygenized muriatic acid gas. If nickel, arsentCy or 
bismuth in powder be thrown into th.s gas, the metal will inflame, and 
continue to burn with the most BRILLIANT COMBUSTION. Seepage 

102. Into a large glass jar, inverted upon a flat brick tile, and containing 
near it<^ top a br.inch of fresh rosemary, or any other such shrub, moistenea 
with water, introduce a H^t thick piece of heated iion, on which place some 
gum benzoin in gross powder. The benzoic acid, in consequence of the 
heat, will be separated, and ascend in white ftimes, which will at lengtt 
condense, and form a most beautiful appearance upon the leaves of the vege- 
table. This will serve a( an exacnple of SUBLIMATION. 

103. Fill a glass tumbler half full of lime water ^ ch^'U breathe into it fine. 
quently *witb the mouth open ; at rhe same time stirring tt with a piece of 
glass. The fl lid, which before was perfectly transparent, will presently be* 
come quite white, and, if suffered to remain at rest, REAL CHALK will be 
deposited, as at No. 63. 

104. Mix a little acetate of lead, with an equal portion of sulphate of 
zinc I let them be miAed with the utmost care, still no chymical change will 
be perceptible ; but if they be rubbed together in a mortar, the two solids 
will operate upon each other; an intimate union will take place, and a 
FLUID WILL BE PRODUCED. If alum or Glauber salt be used in- 
stead of the sulphate of zinc, the experiment will equally succeed. 

105. If the leaves of a plant, fresh gathered, be f>laced in the sun as di« 
lectcd, page 95, very pure OXYGEN GAS may be collected. 

• X06. Put a little fresh calcined magnesia in a (ea-cup upon the hearth, and 
suddenly pour over it as much concentrated sulphuric acid as will cover the 
magnesia. In an instant sparks will be thrown out, and the mixture will 
be COMPLETELY IGNITED. 

X07. If the student be in possession of an air pump, the following expert* 
ment may easily be performed : Let him fix a small jar of ether within a vessel 
containing a little water, and place both under the receiver of the air-pump, 
as directed page 47. The exhaustion of the receiver will cause one of the 
fluids to BOIL, and the other to FREEZE AT THE SAME INSTANT. 
* 108. If a few pounds 'fa mixture of iron filings and sulphur be made into 
a paste with water, and buried in the ground for a few hours, the water will 
be decomposed with so much rapidity, that COMBUSTION AND FLAME 
will be the consequence. 

109* Put a litile alcohol in a tea-cup, >et it on fire, and invert a large bell 
glass over it. In a short time an aqueous vapour will be seen to condense 
upon the inside of the bell, which, by means of a dry sponge, may be col- 
lected, and its quantity ascertained. This maybe adduced as an example of 
the formation of WATER BY COMBUSTION. 

no. Pour a little water into a phial containing about an ounce of olite 
oil. Shake the phial, and if the contents be observed we shall find that no 
union has taken place. But if a little solution of caustic potass be added, 
and the phial be then shaken, an intimate combination of the materials will 
^ed by the disposing affinity of the alkali, and a perfect SOAP pro- 
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111. Put a little common solphur into an iron diib, place it under a jar of 
oxygen gasy and set fire to it as directed page 113, and sulphuiic acid will be 
formed. This it an example of the formation of an ACID BY COM« 
BU8TION. 

Ill Take the acid formed in the last experiment, concentrate it by boil- 
ing, mix it with a little powdered charcoal, and submit the mixtuie in a Flo* 
rence flask to the heat of an Argand^s lamp. By this process sulphur will 
be regenerated, and will sublime into the neck of the flask. An example of 
the DECOMPOSITION OF AN ACID. • 

^113. Drop upon a clean plate of copper, a small quantity of solution of 
nitrate uf silver ; in a short time a metallic vegetation will be perceptible* 
branching out in very elegant and pleasing forms, furnishing an example of 
METALLIC REVIVIFICATION. 

114. Dissolve an oufice of acetate of lead in about a (juart or more of 
water, and filter the solution. If this be put into a glass decanter, and a 
piece of zinc suspended ?n it by means of a brass wire ; a decomposition of 
the salt will immediately cohimence, the lead will be set at liberty, and will 
attach itself to the remaining zinc, forming a ME TALLIC TREE. 

115. Pill a small glass matras, or flask, holding about half a pint, with 
any kind of coloured water, having previously put in a few tea-spoonfuls of 
tther t then invert the flask in a shallow vessel of water, and pour by degrees 
boiling water upon its bulb. By the sudden accession of heat the ether will 
be changed into vapour ; which will force out the coloured water, and All the 
whole of the vessel. This experiment will afford an example of a liquid be- 
ing converted into an ELASTIC VAPOUR BY CALORIC. 

116. Fur want of a proper glass vessel, a table spoonful of ether may be 
put into a moistened bladder, and the neck of the bladder closely tied. U hot 
water be then poured upon it, the ETHER WILL EXPAND, and the blad- 
der become inflated. 

117. Put a small piece of phosphorus into a crucible, cover it closely with 
common chalk, so as to fill the crucible. Let another crucible be inverted 
upon it, and both subjected to the Are. When the whole has become perfectly 
red hot, remove them from the Are, and, when cold, the carbonic acid of the 
chalk will have been decomposed, and the BLACK CHARCOAL, the 
basis of the acid, may be easily perceived amongst the materials. 

iiS. Place a lighted wax taper within a narrow glass jar, then take a jar 
•r phial of carbonic acid gas, and pour it out upon the jar containing the ta- 
per. This being an itfuisibU gas, the operator will appear to invert merely 
an empty vessel, though the taper will inevitably be EXTINGUISHED im- 
mediately. 

119. Make a little charcoal perfectly dry, pulverize it very fine, and put it 
into a warm tea-cup. If some strong nitrous acid be now poured upon it, 
COMBUSTION AND INFLAMMATION w.ll immediately ensue. 

120. If strong nitrous acid be poured upon a small quantity oT a mixture 
of oxygenized muriate of potash and phosphorus, FLASHES OF FIRE 
will be emitted at intervals for a considerable time. 

121. Put a bit of phosphorus into a small phial, then All it one-fUird with 
boiling oiive oil, and cork it close. Whenevei- the stopper is taken out in 
the night, LIGHT WILL BE EVOLVED sufficient to show the hour 
upon a watch. 

* 122. Let sulphuric acid be poured into a saucer upon sonfie acetate of pot- 
ash. Into another saucer put a mixture of about two parts quick lime, and 
one of sal 'ammoniac, both in powder, adding to these a *vsry small quantity 
of boiling water. Both saucers while separate will yield iti'visibU '"»ut 

the moment they are brought close together, the operator will 
LOPED IN VERY VISIBLE VAPOURS. Mwriateof 80« 

periment, may be substituted for acetate of potash. 
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123. Take a glass tube with a bulb in form of a common thermometer^ 
fill it with cold water, ahcl suspend it by a string. If the bulb be frequent* 
ly and continually moistt-ned with pure sulphuric ether, the water will pre- 
sently be FROZEN, EVEN IN SUMMER. 

X24« Procure a phial with a glass stopper accurately ground into it j in- 
troduce a few copper filings, then entirety fill it with liquid ammonia, and 
stdp the phial so as to exclude all atmospheric air. If left in this state no so- 
lurron of .the copper will be effected. But if the bottle be afterw_ardt left 
ojTtn for some time, and then stopped, the metal will dissolve, and the solu- 
tion will De colourless. Let the stopper be now taken out, and the fluid will 
become blue, beginning at the surface, and spreading gradually through the 
whole. If this blue solution has not been too long exposed to the air, and 
fresh copper filings be put in, again stopping |heT)ottIe, the fluid will' once 
more bedepiived of its COLOUR, which it will RECOVER ONLY BY 
THE RE AD'MISSION OF AIR. These cifects niay thus be repeatedly 
produced. 

125. Introduce a little carbonate of ammonia into aFlorence flask, and 
place that part of the flask which contains the salt on the surface of a bason 
of boiling water : the heat will soon cause the carbonate of ammonia to rise 
undecomposedf and attach itself to the upper part of the vessel j affording an 
example of SIMPLE SUBLIMATION. 

1 26. Pour concentrated nitric acid upon pieces of iron, and very little action 
will be seen : but if a few drops of 'water be added a most violent efferves- 
cence will imifiediately commence; the acid will be decomposed with rapi- 
dity, clouds of red nitrous gas will be evolved in abundance, and a perfect 
SOLUTION OF THE METAL effected. 

127. Take any solution of iron, a chalybeate water for instance, and add a 
little succinate of ammonia : a precipitate of iron will immediately be visible. 
By the use of this test the QUANTITY of iron in any solution may be AC- 
CURATELY ASCERTAINED. 

. k28. In like manner add sulphuretted hydrogen to a solution of lead, and a 
d^ep brown precipitate will be occasioned- This is an effectual mode of DE- 
TECTING THIS PERNICIOUS METAL. 

129. Melt sulphur in a small iron ladle, and carry it into a dark room in 
the state of fusion. If an ounce or two of copper filings be now thrown in, 
LIGHT WILL BE EXTRICATED. 

J 30. Dissolve some quicksilver in nitrous acid, and drop a little of the so- 
lution upon a bright piece of copper. If it he then gently rubbed with a bit 
of cloth, the mercury will precipitate itself upon the copper, which will be 
completely silvered. This experiment is illustrative of the PRECIPITA- 
TION OF ONE METAL BY ANOTHER. ' 

{31. If a little nitro-muriate of gold be added to a fresh solution of muriate 
oFtin, the^gold will be precipitated of a purple colour, forming that beautiful 
pigment, called POWDER OF CASSIUS. 

132. Take a phial with solution of sulphate of zinc, and another contain- 
ing a little aqua ammonia, both transparent fluids. By mixing them, a curi- 
ous phaenomenon may be perceived. The zinc will immediately be precipi- 
tated in a white mass, and, if then shaken, almost as INSTANTLY RE- 
DISSOLVED. 

133. If a colourless solution of galls be added to a solution of bii^muth in 
nitr.c acid, equally colourless, a broivn precipitate will be produced. Thi« 
isa dist.nguishinjT CHARACTERISTIC OF THIS METAL. , 

134. If a colourless solution of arsenic in nitric acid be poured into aco* 
irless solution of copper, a green precipitate will be pioduced, forming aO 

•niate of copper similar to an ore found in the Cornish mines* Thci* 

als may thus be RECIPROCALLY PETECTED. 
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. i35* Ifa ipoonful of good alcohol and a little boraic acid be stirrra tog^e^ 
vher in a tea>ctip, and tlieu sei on fite, they will produce a Verjb beautiful 
teREEN FLAME. ^ ' . . 

' 136. If alcohol be ihflanied In like manner with si little «tronti:in in 
powder, or any of its salts, the, m»x;iirt* will- give a PtJRPLE FLAME. 
» 137. If barytes be ased instead oiF strontiati, wv tjhall have a bnllianc 

YiELLOW ^LAMt. 

138. Alloy a l^ce of Silver with a portion cf lead, place th^ alloy upon a 
pi«ce of charcoal, attach a blow-pipe to a gasomi^ter charged with olcygen 
^as, light ihe charcoal first with a bit of paper, and keep up the heat by pres- 
sing upon the machine. When the metals get into complete fusion, the 
Icftd will begin to burn, and very soon will be all dissipated in u white smoke, 
leaving the silver in a state of purity. This ei^perimcnt is designed to 
iihow the FIXITY of tH^ NOBLE ME FALS: 

139. Fuse a given quantity of nitre in a crucible, and wheti in cdnlplete 
fusion throw j|)ulVerized coal into it, by. small qfianHties at a time. The 
carbonaceoiis niatter will decompose the nitre, and the bituminous part wilt 
Burn away without acting upon it. This experiment will exhibit a mode uf 
ANALYSING COAL{ foi*evdi'y ioc grains of nitre that afie decomposed 
iti this way, bespeak ten gi*ains of carbon. , ^ 

140. Burn a piece of iron wire in a deflagratitig ]ar of dxjrgen ga9, a9 
directed page 241, and suffer it to burn till it goes out of itself. If a lighted 
^ax taper be how let down iiito the ga^ this will burn iii it for some time, 
4nd then become extinguished. If ignited sulphur be now introduced, tbit 
will also burn for a limited time, and afterwards phospKoras will burn in ii 
In like manner. An experiment to show the RELATIVE COMBUSTjL- 
BILI FY of different substances; 

141. If oxide of cobalt be dissolved in amrhonia, a RED SOLUTION 
will be produced, different in colour from that of ail pther metallic oxides* 

141. If nickel be dissolved in nitric acid, a beautiful GIIEEN SOLU- 
'JPION will be formed. The oxide of this metal is used to give a delicate 
grass green. to porcelain. 

r43. If (Colourless prussiate of potash be added to a solutiod of tilanium, 
this metal also will be precipitated of a GREEN COLO^TR. 

i44. Add a little colourless solution of galls to a clear solution of anti-* 
ihony in mtro- muriatic acidj and the metal will bk precipitated of a PALE 
YELLOW COLOUR. 

145. If a solution of turigstate of potash be pouted into a soKitlon of th«. 

frcen sulphate of iron, a YELLOW PRECIPITATE will fall down. 
ly this experiment th« distinguishing characteristic of ihis metal is ex- 
hibited. ,. 

146. Add a few grains of oxygenizea muriate of potash. to. a tea-spoonful 
br two of alcohol, drop one or twodrdpsof sulphuric acid up'on tht mixture, 
and the whole will BURST INTO FLAME, forming a very beautiful 
appearaiice. 

147. Into an ^'!e glass of water piit a fevv filing^ of zihc, aod a small bit 
of phosphorus'} then drop a little sulphuric acid upon the mixture by ineaiw 
of a glass tube, as described at No'. 34, and phosphuretted hydrogen will 
presently be disengaged, which wiil INFLAME on rising to the SU'RFACfil 
OF THE WATER. 

148. If any light substance capable of conducting heat, be |>laced upcu 
the surface of boiling water, and a bit of phosphorus be laid upon it, the 
heat of the water will be sufficient to set the PHOSPHORUS ON FIRE- 

149. If hot >vater be poured into a glass jar of cold water, it will remain 
on the surface^ but it cold water be poured upon hot water it will sink tc 

be bottom of the vessel. This expciicneat may bt rendered more olrvievs \if 
3fJ 
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eolourinff that oertion of the water which is poured in. The detign of thi^ 
is to 8ho^ the CHANGE of the SPECIFIC GRAVITY of the svak 
body, merely, by the AGENCY OF CALORJC. 

150. If a solution of the green sulphate of iron be dropped into a ni- 
tro-muriate of gold, the inetal will immediately be precipitated. In thil 
state it is often employed in GILDING CHINA. 

151. If flowers or at>jr other figures be drawn upon a ribband or sUki 
with a solution of nitrate of silver^ and the silk, moiste||g|d with watei, be 
then exposed to the action Of hydrogen gas, the silver win be- revived, and 

« the figures firmly fixed upon the silk, will become visible, and shine with 
METALLIC BRILHAnCY. 

15a. By proceeding in the same manner, and using a solution of gold in 
iutro-nturiatic acid, siiks may be PERMANENTLY &ILT at a mo8t 
insignificant expense^ aiid will exhibit an appearance the most btaUtiful that 
can be conceived. 

153. T^ a sitttilat solutidti of gold add about a fourth part of ether j 
shake them together^ and wait till 'the fluids separated the upper stratum^ 
or ethereal gold,, is then to be carefully poiired off into another vessel. If 
iny polished steel instrument of utensil be dipped into this solution, sod 
instantly pluliged into waUr^ the surface will have acquired a coat of pure 
gold, being a very elegant and economical mode Of PRESERVING PO- 
LISHED STEEL FROM RUST; 

154. If nitro-mufiate of platina be hiixed with a fourth part of its bulk 
of ether, and th6 mixttira suffered to settle, the ethereal solution of plating 
nay be decanted as in the preceding experiment. Polished brass, and soml 
ether metals immersed in this solution, will be COVERED WITH 4 
COAT OF PLATINA. This process may be at>plied to many tscfsl 
purposes. 



To read 6r practise the foregoing expeilinents merely for the sake of 
amusement, may occasionally have its advantages } but a resolution to re- 
peat them, and exafhine all the phenonienat for the sole ptrpose of receiving 
instruction^ is what the author would principally inculcate. Let it never 
be forgotton, that no effect, however extraordinary, or even trivial, it maf 
appear to us* can ever happen but in conse6uehce of some previously esta- 
blished hw of unne^ring natiire. The folloviring apostrophe of Dr. Par* 
win to the Fountain of all Goodness, may possibly tend to itapreta fln^ 
important ttuth upon the student*s mind i^i-^ 

Thus at thy potent nod, effect and caiisi 
Walk hand in hand, accordant to thy laws e 
Rise at Volition's call, in groups combined. 
Amuse, delight, instruct and serve mankind. 
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ACETATES, Saltt formed by the acetic acid. 

ACIDS mineral^ are formed of curtail) otineral fubftancei caUfd acidifiable radicai8| 
combined with oxygen. 

v^etahle, are compofed of carbon, hydrogen, and oxygen, in various pro- 
portions. 

animal, are compofed qf the above thre^ fimple fubftances, in -various propor- 
tions with the addition of nitrogen^ 

oxygenated or oxygenixed* Ac^ds combined with an additional qqantity of 
oxygen, for particular purpofes. The oxygenlseil mif riatic acid txftd in bleach* 
ing is an inftance of this faper-oxygenizement. 
m l^pfroxygenixtd* Acids which are oxygenized to a oiaximom. 
ACIDULES. A term applied to the natural combtnatton pf (bme adds mfith a por^ 
tion of potafl). The oxalic acid and the tartaric arp the only acids that have 
hitherto been found in tl»s ftate of femi-fati|irat|Qn« 
AERIFORM i?tfu/i. Fluid fubftances combined with a» additional portion of 

caloric fumcient to give them the gafeous form. 
AFFINITY. A term uled to exprefs that peculiar propen^ )prhich diftrtm fpec|ci 
of matter have to unite with each other, or with por^ns of matter of their owa 
fpecies* 

of aggregation, A force by which two bodied of the famt kind tend ta 
unite, and by wmch an aggregate is formed without the cbymical properties of tbt- 
fubftances being at all changed. 

' I of campo/itiotu A jforce by which fubftances of drffenut l^inds unite, and' 

by which matter is formed whole properties are different nom thofe of tht bodiet 

before their combination.^ This attraction is ftrcmger in proportion as the nature 

of the bodies is difterent, between which it is exerted. 

AGGREGATES. Subftanees whofe parts are united byoohefive, andnotbydiy- 

mical attraction. See Affifnty of Aggregation, 
ALBUMEN. The modem name for coagulable lymph. It is that peculiar animal 
fubftance which forms the ferum of the blood, the white of eggs, and other com* 
pounds. 
ALCOHOL. Reaified f^nrit of wine. When good, its fpecific gravf^ 
ALEMBIC. The term formerly given to the ftill ufcd by cl^mifts fi 
tions» 



ALKALIES. Peculiar fubfttnces which have an urinous^ burnmg, and eaufiic'taft^ 

and a ftron tendency to combination. When united with acids they form milj 

alkaline f<ilts* Seepage io8. 
ALLOYS. A combination of any two metals, cxceot mercury, is called an alU)^. 

Thus ^old is alloyed either with fiiver or copper, for the purpofes of coinage. 
ALLUVIAL, By alluvial depofitions is meant the f|^ which has been formed by 

the deftrU^lon of the mountains, and the wafliing down of their particles b]j 

torrents of water, 
AMALGAM. A combination or n^ixtur*^ of mercury with ^py other metal, is calIcA 

an amalgam. 
AMMONIACALyi/tt. Salts formed \nrith ammonia, or volatile alkali. 
, AMYLACEOyS. A term applied to thofe vegetable fubftances whic^ contain 

ftarch. '^ ^ ' • . 

ANALYSIS, The refolution of a fubfta^cc into its conftituent parts, for the pur- 

pofe of examination. 
AKNEALIN0. The art of rendering fubftances tough which are naturally har4 

and btittlc. Glafs and iron are annealed by gradual cooling ; brafs and eoppe^ 

by heating, and ^hen fuddpnly plunging them' in qold water^ 
APPARATUS cbymlca/. This t;erm is defcriptive of all' the litenfib made ufe of m 

a chymical laboratory. The principal are ftills, furnaces, crucibles, retortt, re- 
ceivers^ tnatra0es, worm tubs, pneumatic troughs, thermometers, &c. 
AREOMETER. A graduated glafs ' inftniment with a bulb, by which the fpecific 

gravity (jf liquids is afcerta^le4• J^aume's a|reo^ter is that which i« chiefly 

referred to when the French writers fpeak of this inftrument. 
ARGILLACEOUS. A term deicriptiye of thofe earths which contain alumine or 

clay. 
AROMA. A term ufed for 0)e odour which arifcs from certain ye^ietablef, or tfaek 

infunons. 
ARSENl ATES. Salts formed by the acid of arfenlc. 
ATMOSPHERES. We ufe this term to exprefs the degree of additional preflfoit 

given to fluids. Thus^ if in order to impregnate water with any of the gafes, f 

give it a preflure of i5lbs. upon every fquare inch of furface, I am faid to give it 

$yit atmofphere \ if 3olbis. rtuo atmofpheres, &c. &c. 
ATTRACTION, Chymical attraftion is a term fynonymous With affinity 5 which 
' fee, ■ ' •■ ■ ■? .■.■.:• y 

AURUM-MUSIVUM. A combination of tin and fulphur. It is alfo called mufiva 
gold, and mofaic gold. ... 

AZOTE. A peculiar fimple fubftance, fynonymous with nitrogen. Jt enters into a 
variety of compounds, and forms more-than three parts in four of atmofpheric aif« 
See page 55. • " ..... 

/AZOTIC ^as, ^ Azote or nitrogen rcn(iprcd gafeous by caloric, 

B. 
IIALLOON. A term given by the French to their fpherlcal chymical receivers. 
llALSAMS. Certain aromatic refinous fubftances, which are obtained from fome 

trees byincifions. Of this kind are the Canada balfam, the balfam of Copaiva, 

the balfam of Tolu, &c. 
BAROMETER. An inttrument which {hows the variation of the preflure of the 

atmofphcre, by the rife or fall of a column of mercury in a graduated glafs tube. 
BASE. A chymical term, cfually appfied to denote the earthy th^ alkali, or th«r 

metal whioh is combined with an acid to form a fait. 

BATHS. VeiJcis fot diftillaiion or digeftion, contrived to tranfmit heat gradually an^ 
regularly. 

♦ » . .. ■ I ' >ffJ, Vcflels filled in part with dry fand, in which thofe retorts ar« placed 
which require a greater heat than can be given by boiling water. In large 
works iron plaics lire ufed vnftead of veflels of capacity. They are often called 
jand beats*. 

jp^-^ nuater, VefTels of boiling water, in which other veflcls containing the m-!t- 

ters to be diftilled or digeftcd are placed, in order that the fame heat may be kept 
"nthro\jghout the whole of any particular procefs, ^ 

VTES, Salts form^ by xh% benaoic acid. 
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OF CHSMICAL TERMS. 30,9 

I^TTERN* The mother-liqyor which remains after the cryftalli2ation of muriate of 
foda (fea fait) . It generally contains fulphate of magnefia, and a (mall por- 
tion of fulphate of foda. 

BITUMEN. • A generic term, applied to a variety of foffil inHammable fubftances. 

BLOW -PIPE. An inftrument to increafe and dire^ the flame of a lamp for the 
analyfis of minerals, and for other chyroical purpofes. 

BOLT-HEAD. A round chymical veflel with a long neck^ ufualiy employed for 
digeftions. It is alfo called a matrafs. 

BOMBaTES. Salts formed by the bombic acid. 

BORATES*. Salts formed with the acid of borax. 

BUTTON. A name given to the fmail round piece of metal which is found at the 
bottom of a crucible after a metallic ore or an oxide of metal has been reduced for 
experiment. 

C. 

CALCAREOUS. A chymical term formerly applied to defcribe chalk, marble, and 

all other combinations of lime with carbonic acid. 
CALCINATION. The application of heat to faline, metallic, or other fubftancesj 
-ib regulated as to deprive then) of moifture^ &c and yet preferve them in a pulve- 
rulent form. 
CALORIC. The chymical term for the matter of heat. 

„■.. I free^ Is caloric in a fej[Mrate ftate, or, if attached to other fubftances, 
not cbymically united with them. 

iatent. Is the term made ufe of to exprefs that portion of caloric which 



is chymically united to aqy fubftance, fo as to become a ^rt of the faid fub- 

ftance. 
CALORIMETER. An inftrument for afccrtaining the quantity of caloric dif« 

engaged from any fubftance that may be the obje^S of experiment. 
CALX. An old term ipade uf(p of to deii^ribe a metaSic oxide. ' 
CAMPHORATES. Salts formed by the camphoric acid. 
CAPILLARY. ' A terin ttfuatly applied to tl^ rife bf the fap in vegetable!, or the 

rile of any fluid in very fmall tubes 5 ov/ing to a peculiar kind of attraction, called 

capillary attrafkion. ■ . • * ? 

CAPSULES. Are fmall faucets of clay for roafting famples of ores, and for fmelting 

them to afcertain their value. 
CAPUT.MORTUUM. A term fignifiying dtad-bead, being that which remains iu 

a retort after diftiUation' to dfynef$. ' * 

CARBON. The bafis of charcoaL Seepage 178. 
CARBONATES. Salts formed by the carbonic acid. . 
CARBURETS. Compound fubftances, of which carbon fovms one of the conftl- 

tuent parts. Thus piumbago> \fhich is compofed cif carbon and irbn, is called 

carburet of iron. ■• , . 

CAUSTIC common. Soda or potafli deprived of its carbonic aoid^ and fufed^ fometimei 

with the addition of lime, into a folid fubftance. 
- i lunar. Nitrate of filver evaporated to drynefs, and fufcd in a crucible. 

A folution of this fait is uied by chymiits as a teft for xiiuriatic acid, % 
CAUSTICITY. That quality in ceruin fubftances by which they bum or corrode 

animal bodies to which tbey are applied. It i} beft ex(ilained by the dodrinc of 

chymical affinity. See pisge 109. . . -* • 

CEMENT ATION.' A procefs by which metals are purified or changed in their 

qualities by heat, without foiior, by means of a compolition, called a cement, 

with which they are covered. Thus iron, by being kept a long time in a certain 

degree of heat,' fiirrounded by charcoal powder, is converted into fteel. 
CHALYBEATE. A term discriptiTc of thofe mineral waters which are impregnated 

with iron. See MartwL 
CHARCOAL. Wood burnt in clofe veflels t it is an oxide of carbon, and generally 

contains a fmall portion of falts and earthr. Its carbonaceous matter may be 

converted by combuftion into carbonic acid gas< 
4JHATOYANT. A term much ufed lately by the French chymifts to defcribe k 

pro^rty in iomt metallic and other fubftances, of varying their colours according 



to the way In which they are held ^ at ii the cafe with the feathers of fome bkd^ 

which appear very different when feen in difierent pofitipna. 
CHERT. A term n)ade ufe of In defcribing a fpecies o£ filiceous ftoneS| which are 

coarfer and fofter than the common iilex. It is often found in large ma^ ia 

(Quarries of limeftone. • 
CHROMATES. Salti forn^cd by the chromic acid. 
CITRATES. Salts formed by the citric acid. 
COAL. A ternn applied to the refiduum of any dry diftillttion of aiiimal or vege^ 

table matters. 
COHESION'. A force ihherent in all the particles of al) fubftancet, excepting l^ht 

and caloric, which prevents bodies from failing in pieces. Sec Affinity* 
COHOBATIpN, When a diftilled fluid is poured again upon the matter from which 

it was diiillled, in order to niake it stronger, it is called cohobadon. It is not 

much pra£lifed by modern chymifts. 
COLUMBATES. Salts formed with the columbic acid. 
COMBINATION. A term expreflive of a true cbymical union of tvfo or more fiibr 

(lances \ in oppofition to mere mechanical mixture. 
COMBUSTIBLES, Certain fubftances which are capable of combining ii|ore or kit 

rapidly with oxygen. They are divided by ehymifts into Ample and compound 

combuftibles. ' 
COMBUSTION. The z&. of abforption of oxygen bj combuftible bodies from at- 

moipheric or vital air. The word decombuftion ii fomedmes u(ed by dtt French 

writers to fignify the oppofite operation. 
COMMINUTION. The reduaion of hard bodies into fmall particles. By d4| 

procefs the heavieft fubftanpps may be made to floft in the lighteft fluids. 
CONCENTRATION . The aa of increaftng the fpecific gravity of bodies,. The 

term is ufually applied to fluids which are rendered ftronger by evaporadng % 

portion of the water which th^ pontain. 
CONDENSATION. The nSt of bringing the component parts of iFapotur, w gast 

nearer together by preflure, or by ccSd. Thus atmofpheric air may be cqndenfrd 

by preifure^ and aqaeous Taponlr by the fubtradion of caloiic* dl) it U cooTertsd 

if^to water. I 

CRUCIBLES. VeiTels of indifpenfable ufe in chemiftry in the yarious operations of 

fuflon by heat. They are made of hiked e^rth, or metal, in the form of aa 

inverted cone. 
CRYSTALLIZATION. An operation of nature, in which varioas earths, fateif 

and metallic fubllances, pafs from a fluid to a folid iUtt, aflfuming certain deter- 
minate geometrical figures. 
»_ - ■■ water, of*, That portion which is comhined with falts In the 

a£t of cryftaliizing, and becomes a com^mnt part of the faid faline fubftances. • 
CUPEL. A veflid made of calcined bones, mixed with a fmall proportion of clay and 

water. It is ufed whenever gold and filver are reined by xnel^Uig them with lead. 

The procefs is cal^d cupellation. 

p. 

DECOM^USTION. Synonymops with deoaidation \ which fee* 
PECOMPOSITION. The feparation of the conftituent pnnciples of compound 

bodies by chyn^ical means. 
DECREPITATION. The fud!den decompofidon of falts, attended with a crackling 

noifc when thro^ra into a red-hot crucible, or on an open Are. 
DEFLAGRATION* The a^ of burning two or more fubftances together, as char- 
coal and nitre, or nitre and fulphur. 
DELITE. A term ufed by fome of the French writers,- fignifying to break, by the 

adion of <he air, 4ike a foft f^one into layors* See Annales de Chimie, ton* 

xix. 79. 
DELIQUESCENCE cf fslid fahnt bodies^ fignifies their becoming moift, or liquid, 

by means of water which they abforb from the atmofphere in confequence of their 

great attradion for that fluid. 
DELIQUIUM. Is the flate of potafh, or any deliqiiefcent fait, when ic has fo fit 

deliqu ' * ' 'xpofure to the air as to have become a liquid. 
OEOXIDji '•EOXIDIZE. To deprive a body of oxygc^* 
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JEKB-OXXbATiON, or DIS-OXIDATION. A term made ufe of by Tome writers 

to exprefs that operation by Which one fobftance deprives another fubftance of its 

oxygen. It is called unburning a body by the French chymifts. De~oxidtzement 

is a better temi, 
t)£PHL£QMATION. Is the ad of feparatjng ^e water from chjimical li^vors. 
DEPHLOGISTICATED. A term which was given by Dr. Prieft^ey to oxygen gas« 

When he first dUcovered this gas, he called it dephlogifticated air. 
DEPURATION. The purging or feparacihg any liquid in a (late of purity from 

its feces or lees. 
DETONATION. An explosion with lidife. It is moft commonly applied to the 

explofion of nitre when thrown upon heated charcoal. 
DIGESTION. The eflfea produced by the condnned soaking of a folid fubftance 

•in a liquid, with the application of heat. 
biGESTOR PapuCs* An apparatus foi deducing animal or Vegetable fubftanccs t« 

a pulp or gelly expeditiouily. 
Distillation, a procefs for feparating the volatile parts of a fobftance from 

the more fixed, and preferving them both in a ftate of feparation. 
bOCIMASTIC ART. The art oi aflaying metals. 
DUCTILITY. A quality of certain bodies, iii tonfequeace of Which they may h^ 

drawn out to a tertain length without fradure. 
bULClFlCATION. The combination of mineral acids with alcohol. Tbwt we 

have dulcified fpirit of nitre^ dulcified fpirit of vitriol, &c. 

^DULCORATION. Exprefiive of the purification of a fubftaace by waihing With 
water. 

Effervescence. An inteftine motion which takes place in certain bodies, oc** 
cafioned bjr the fudden efcape of a gafeous fubftance* 

EFFLORESCENCE. A term commonly aipplied to thofe faiine cryftals which be- 
come pulverulent on expofure tathe air, in confequence of the lofs of a pait of 
the water of cryftallization. 

Elasticity. . a force in bodies, by which they endeawMtf to reftore themfelves 



aanur 



to the poftute from whence they were difplaced by my external force. See 

page 43' 
IfcLASTIC FLUIDS. A name fometimes given to vapours and gafes. Vapour is* 

called zndaftic fluid ) gasj z permanently elaftic fiuid. 
ELECTIVE ATTRACTIONS. A term ufed by Bergman ancf others to defignate 

what we noW exprefs by the words chymical affinity j which fee. When chymifts' 

firft obferved the poWer which one compound fubftance has to decompofe another, 

it was imagined that the minute particles of fome bodies had a preference for Tome 

other particular bodies ; henCe this property of matter acqair«l the term elective 
' att;ra^ion. 
ISLEMENTS. The fim^^e, cdnftitueht parts of bodies, which are incapable of de- 

compofition ; they are frequently called principles. 
ELIQUATION. An operation whereby one fubftance is feparat'ed from another by 

fufion. It confiftflL in giving the mafs a degtee of heat that will make the more 

fufible> matter flow, and not the other. 
ELUTRIATION. The operation of pulveriisiitg xhetallic ores or other fubftanccs, 

and then mixing them vrixh water, fo that the lighter parts which are capable 

of fufpenfion may be poured off, and thus feparated from the groiTer particles. 

The metallic fubftances which are reduced to an impalpable powder are prepared 

by this procefs. 
EMPYREUMA. A peculiar and indefcribably difagreeable fmell^ arifing from tli? 

burning of animal tmd vegetable matter in clofe ^eftcls. 
EOLIPILE. A copper yeftel with a fmall orifice^ and partly filled with water. Ii is 

made hot, in order that the vapour of the water may rufli out with violence, and 

carry a ftream of air With it to increafe the inttnfity of fires. It is. an inftrumen* 

of great antiquity. 
^Essences, what are called cflTenccs in chymiftry and pharmacy are the cfTcntia! 

oils obtained by difbUation from odoriferous vc^getable fubftances. 
KSSENTIAl. SALTS. The falitc fubftanccs found in plant?, ftnd^hith are h«l.'. 
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!n fotution t>y tlie Vrater vrherein thef are infdft^j They kre obtained by eVapb^ 
ration and cooling. 

tTH^RS. Volatile liquids formed by the didlUation of fooie of the acids with al» 
cohol* 

EVAPORATION. The converfion of fliiids into vapour by heat. This appears to 
be nothing more than a gradual folAtiori df the aqueous particles in atmofpheric 
air» owing to the chemical attraetldn of the latter for water. 

AUDIOMETER. An inftniment invented by Dr. Prieftley for determining the pu- 
rity of any given portion of atmofpheric air. The fcience of invfcft?^t1hg the 

. different kinds of gafes is called eudkinitrj, 

BXPRESSION. A term ufed in pharmacy, demotiitg the act of forcing out the juices 
and oils of plants by means of a pte'fs. By a flmilar tend the txprtjftd are diftin- 
gulfhed from the tffentialoih. 

feXSICCATION. The act of drying moid bodies. It is effected in two ways; b^ 
exhaling the aqueous particles by the application of heat or dttmofpheric air, and 
by abforbing the nioifttire with foft j(nd fpongy fubftances. Thus, fmall mattefij 
are dried by chymifts ^ith bibulous paper ; and larger malTes, by fpreading them 
on tablets of calcareous earth. 

Extracts. The foluble parts of vegetable fubftances, firft diflblved in fpirit or 
water, and then reduced to the confifteifce of a thitk fyrup, oir p^ftc,' by evapo^ 
ration. 

FAT. An oily concrete animal fubflance| compofed of oil, febacic acid^ and carbon. 
FERMENTATION. A peculiar fpontaneous motion, which takes place in all 

tegetable matter when expofed for a certaih time to a proper di'gree of temperatur^i 

For the changes which are efleflcd by faccharine fermentation, see page I9i« 
FIBRINE. That white fibrous fubftailce which is left after freely waihmg the coagu- 

lum of the blood, and which chiefly compofes the mufcular fibre?. Parkinfon.. 
FILTRATION. A chymical procefs for the depuration of liquid fubftances. B^ 

buloiis paper fiipported by a funnel is commonly made ufe of } but for dear and 

expenfive liquors chy mills generally ufe a little carded cotton lightly prefltd into 

the tube of a gla^^nnel. The valuable concentrated acids ihould be filtered 

through pounded Pals.' • 

FIXITY. A term applicable to that property of fome bodies of bearing a great heat 

without being volatilised^ 
FLOWERS. In ^hymical language are folid dry fubftances reduced to a powder by 

fublimation. Thus we have flowers of airfenic, of fal ammoniac, and fulphur, &c< 

which are arf^nicj fal ammoniac, and fulphur unaltered except id app^^tt'ance. 
FLUATES. Salts formed by the fluorifc acid. 
FLUIDITY. A term applied to all liquid fubftances. Solids are converted to fluids 

by combining with a certain portion of caloric. . 

FLUX. A fubftance which is ^^nth metallic ores, or other bodies, to promote tbeir 

fufion; as an alkali !s mixed with filex, in order tofdrmglafs. 
FORMATES. Salts formed by the formic acid . 
FULIGINOUS. A term fometimes made ufe of in defcribing certain vapours whlcl 

arife in chymical operations, having the thick appearance of fmoke. 
FULMINATION. Thundering, or explofion with noife. We have fulminatiag 

fllver, fulminating gold, affd other fulminating powders, which explode with a 
. lOud report by fri^ion, or when (lightly heated. 
FURNACES. Chymical vcffels df various forms for th* fufion of ores, or other 

operations which require heait. . 
'I .1 blafl. Are built for making iron, fmelting ores, &c. They are fo 

contrived that their heat is nfo'ch increafed by means of powerful bellows. A 

blackfmith^s forge is a k!nd of blaft furnace. 

vj'ind, Chymical fprnaces for intenfe heat, fo conftru^ed that they 



draw with great force, without the ufe of bellows . 
■^USION. The ftate of a body vMchf was folid in the temperature of the atmofphtrf? 
and is now rendered fluid by the artificial application of heat. 

G. . 

LXATES. Salt% formed by the |*Uic acid- 
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O ALVANISM. A new fc!ence which offtri fl tiiiety of phenomena* ifefuiting from 
different conduAors of elei^ritit^ pJaced in difieten: circumftances of cootaA| 
particularly the nervei of the animal l>ody. 

O'ANGUE* A term made ufe of to denote the ftony nuuter which ^Us the caTiti«t, 
and accon^t^anies the ores in the veins of metaU, in milling countries. 

OAS. All Colid fiibflances when converted into {ifehiiaflelitly elalTic fluids hf caloric 
are called gafes. 

CASEOUS. Having th^ ndture add properties of gis. 

Gasometer, a name jglvcil to a variety of utensils an^ ilppiratus coiirrivfed; Co 
theafurey '66\\i&i preferve, or niix (he dinerent gales. An apparatus of this kind 
is alfo ufed for the purpofetf or' adminiffeting jmedniitic diedicincs. 

G ASOMETRT. The fcience 6f rtieaifariiig the gases. It likewife teflches the 
nature and ph>peities of thefe elaftic fluids. 

OELATINB. A chymical tern^ Sot iuumal gtU^, It exifts ptrticfilatly in the 
tendons dhd the skin of iiiimaUi 

GLASS; Some metallic oil des ^heh fuied ire called ^lafx. They have foriie#hat ot 
Irefeitiblance to common glafs. 

>pboffbirie» A vitreous, Infipid, infoluble fubftance, procured by boiling- 
down phofphotic acid to a fyrup, ind then fufing It by ah intrtafed heit. 
galL See Sundi^hi 



<^LUTEN. A vegetable fub(lacce fomewhat fimiJair t6 aiiimal gelatine, it Is thd 

gluten in wheat-flour which gives it the property of making good bread^ and 

idhefive paAe. Other grain contains a much lefs quantity of this nutritious fub<> 

ftai^ce. • 

GRADUATION* A procefs, by evaporation, of Ijrihging fluids to a eettain degree 

of cbnfiftehce; in order xa feparate ttiott eafily the fubftahccs ihey hold in folu- 

tion. « , > ^ , . . 

I i '■■« Thif divifidh of a fcaie 6^ ifieafuit into decimal parts. 
iSRAIN; The frnglUJ^ v^eight made ufe of by chymical writers, fiiithtj graini 

make a fcruple ; 3 fcruples a drachm; 8 drachms, or 480 grains, make an ounce | 

tl ounces, or 5766 grains, a pottild troy. Thfe ttv6\riup%it potiiid contains 7000 

grains. 
GRANULATION. The operation of pouring a iiulted metil into ^ater^ in order 

to divide it into fnrall particles for chjrmieal pUrpoTes; ^in is thus granulated 

by the dyers before it is diflblved in the proper acid. 
GRAVITY. That property by which bodies move toWards each other, in propof* 

tion to their refpei^ve fuantittes of matter; This il the property by Which bodiei 

fall td the iartK. .... 
I '" Jf^cifie. This differs fl-om abfolute gravi'y in as noiuth ai it is the 

weight of i given manure df any folid or fluid body, compared ^th the famd 

meajure of diftilled water. It is generally exprefled by decimals, dee Catechifmi 

9UMS. Mucilaginous eatidations from certain trees. Guni cbnflits of limei car^ 
bod, dxygen, hydrogen, and nitrogen, ^th a tittle phofpUorlc acid. 

■ 1*1 

)i£AT wiatter of. See Caloric, . - - ■ 1 • ♦ 1 / * 

WPAR. The name formerly given to the coibbindtion of fulphur iiKth aUU!i* ti 
^^ is now called fulphuret of pbtaflJ, &c. as the cafe may be. 
iiEPATIC gai» The old name for the gas Which Is feparated from fulphUret of 

alkali. It is noW called fulphiitetted hydrogen gas. ^ . 

HERMETICALLY; A term applied to theclofihg of the oriUce or a gUsi tube, ftf 

" sd to have! 
chymical 

, . , .... y done Ly 

melting the end of the tube by meaks of a bloW-pipe. 
iiVDROGEN. A Ample fpbftance $ on^ of the conftltUe&t fuirb of #ateri 
' i " "'•''* ' ' " ' ' gas. Solid hjfdrogen united "i^th a large portion of CfUoiiei It i^ 

the ligbteft of all the known gafet. It is ufed on this ace.-iiat to inflate balloons. 

It was formerly called inflammable air. 
HVDRO-CARBONATES, ComHniticns of carb'>n w-rh hyirogen ?fe dfefcribA 

4* 
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bvthit tern. Hydro-carbonatt gai it procured from molftened charcoal hf 
diftil^tionL. ' 
• ilYDROGENIZED Julpburttu Certain baiet cotnbined with falphoretted hy- 
drogen. 

HYDRO.OXli)£S. Metallic biides^dibined with water. . 

HYDROMETERS. Inftruirientt for afcertaining the fpecific gravitjr 6f fpiritoODS 
Kqttofs or Othet ftuids. 

HYGROMETERS.' Inftrumehti for afctrtainlng the degree of liioiftare In atmoft 
pheric alf. 

HYPEROXYGEI^IZED. A term applied to fubftances which are combined with 
die latgeft poifibl<f quantity of oxygen. We have muriatic a<udy oxygenited 
muriatic acid, and hyperoxygenised muriatic acid. The latter can be exhibited 
only in combination. 

I- 

INCINERATION. Thfe boming of vegetables for the fake of their albea. It if 
ufually aoplied to the burning of kelp oil the coafts fcr making mineral alkali. * 

INFLAMMATION A phenomenon which takes place on mixing certain fab* 
ftances. The mixture of oil of turpentine With ftrong nitrous add is aa intaaoi 
of this peculiar chymical effed:. 

INFUSION. A £mple operation to procure the faltS| juices^ and other tirtuet af 
vegetables by a.eans <k Water. 

INSOLATION. A term fometimes made ulc of to denote that cxpcfore to the (ba 
which is made in order to promote the chymical i^on of one fubftaiKc opoa 
afjother. 

INTEGRANT particles. See chap, ixi page 169. 

INTERMEDIATES. A term made ufe of when fpeaking of chymital aiSnity. 
Oil, for example^ has no aflinity'to Water vnlefs it be previoufly cbmbihed with 
an alkali } it then becomes foap^ and the alkali is faxd to be the uuermeJi^wihuk 
occafions the tmioii. 

K. 

K ALL A gents of marine pladts #hich is bbmt to ptocttr«( milneral alkali by after- 
wards lixiviating the aihes. 

LABOR ATOR Y. A room fitted up with appafittiis for the performante Of chyaiical 

operations. 
LACTATES. Salts formed by the lactic aeid. 
LAKES. Certain colours made by combining the colouring niatter of cochl^iea^ of 

Ot' certain vegetables, with pure alumine, or vHth oxide ot tiii, sinCy &c« 
LAMP ARGAND*i. A kind of bmp much ufed for chymical exp^meftts^ It 

is made oh the principle of a wind fiimaccy and thus prodcfces a great degree 01 

light and heat without fmoke. 
LENS. A glafs, convex on both iidesj for tonc^ntrating the rays of the fun. ft is 

employed by ckymifts in fuiing refradory fubftances which canifot be operand 

upon by an ordinary degree of heat. 
LEVIG ATION. The grinding dov^ of hard fubftances to an Impalpable poi^der eir 

a iiohe with a muller, or iA a mill adapted to the pur^fe« 
LIQUEFACTION^ The chaiige of a fofid to the flate of a fluid, occafiofied by d» 

combination of caloric 4 ^ 

LITHARGE.- Ah oxide tif lead ivhich appeah in a ftare of vitrificatioii* . It is fbff- 

ed In the procefs of feparating filver from lead< 
LIXIVIATION. The folution of an alkali or a fait in water, or in tottt dtber fluid, 

in order to form a lixivit^m^ 
LIXIVIUM. A fluid impregnated With an alkali or a fait. 
LUTE. A compofition for dofing the jutfdlufes of chymical ye£t:h to pierent the 

efca'pe of gas or Tapoor in diftiHatiom 

. M. 

MACERATION.^ The fteeping of a folid body in a fluid in order to foften it, irii* 
out impregnating the fluid. 

M AGISTER Y. A term formerly given to moft chymical precipitately ga ^ 

magiftery of bifmoth^ &c. 
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MALATES. Salts formed by the malic acid. 

MALLEABILITY. 1 hat property of metals whidh gWes them the capacity of b«- 
I ing extendeji and fattened )>y hammei^ng. It is probably occafioned by Uunt 

caloric. 
MARCAS|T£. A fiamc gitrep to feveral kinds of pyrites. 
MARTIAL. An old term for chymical preparations of iron. Set Cbalyhate, 
MASSICOT, A name given to the yellow oxide of lead> a^ mipium is applied to the 

red oxidfB. 
MATRASS. Another name for a bolt-head ; which fee. 
MATRIX, Of MoTRfa f akth« The ftone in which metallic ores i|re foun4 

enveloped. 
^ATT. That m^fs of metal which iep^rates fron) the fcuriae in fmelting ores with* 

out previous roafting. 
MENSTRUUM. The fluid in which a folld body is diffolvpd. Thus water is ^ 

menftruum for fj^lts, gums, &c. and fpirit of wine for reiin^. 
METALLIC OXIDES. Meuls combi|ied with oxygen. By this procefs they are 

generally reduced to a pulverulent form $ a|re c||anged from comb^ftible to incom- 

bnftiUe fuftances i and made foluble in ^cjdi* 
METALLURGY. The ^rt of extrafting and purifying mej^als. 
MINll^RALIZEjlS . Thofe fubftances which are combined with metals In the^r ores ^ 

fuch are fulphur, arfenic, oxygjsn, carbonic ac|d.&;c. 
MINERALOGY. The fcience or foffils ai^d m'ineflrs. 
MINERAL WATERS. Waters which hold fome me^l, c»rtl)> or fait, in folution. 

They arc frequently termed Medicinal Waters. 
MINIUM. The red oxide of lead. 
MOLECULE. The molecules of bodies are thofe ultimate particles of flatter whidji 

cannot be decompofed by any chymical means, 
MOLYBDATpS. Salts fohned wiUi the molybdic acid. 
MORDANTS. Subftances which have t chymical affinity for particiilar bolours } 

They are employed b^ d^ers as a |>opd to )i|ii^ the colour with the cjoth fntended 

to be dyed. 
MOTHER -WATERS, or Mptmii^s. The liqHors which are left after the cryftal- 

lization of any falts. ' - 

MUCILAGE. A glutinous matter obtained froni -vegetables, tranfp^rept and tafte* 

lefs, foluble in water, but not in fpirit of wine. It chiefly copfifts of carbon an4 

hydrogen, with t little oxygen. 
MUCITES. Salts formed with the mucous acid. 
MUFFLE. A semi-cylindrical utenfil, refembling the tilt of a beat, made of baked 

clay ^ its ufe is that of a cover to cupels in the aflay furnace, to prevent the chi^r* 

coal from falling upon the meta), or whatever is thi fubjedt of experiment. 
MUI^IATES* SaKs formed b^ the muriatic acid. 

N. 

KATRON. One of the names for mineral alkali, or foda. 

NEUTRALIZE. When t|vo or more fubftances qiutually difguife each other*s pro- 
perties, they are faid to neutralise one another. 

WBUTRAL SALTS. Subftances formed by the union of an acid with an alkali, 
an earth, or a metallic oxide, in fuch prQpor^om as to faturate both tl^e bafe 
and the acid. 

NITRATES. Salts formed by the nitric acid. 

NITROGEN* A term fynonymoui w)th a«ote } whieh fee* 

O, 
OCHRESl Vtrious combinationi of the earth with oxide of iron, 
0|L. A fluid fpbftance well known. It is compofed of hydrogen, oxygeii« and earbon. 
ORES. Metallic earths, which frequently contain fevcral extraneous matters | fuch 

as fulphur, tri^c, &c. 
OXALATES. Salts formed by the oxalic acid. 
pXIDE. Any (abftance combined with oxygen, in apropor^on not fuflkleot to pro* 

dace acidity. 
OXIDIZE* T9 coi^bine Myfeo withott producing acSdi^. 
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OXlD|ZEMENT. The operation by which any fubftaqce is combined with <ny^eq« 

in a degree not fufficient to producip acidity. Synonymous with oxidation. 
OXYGEN. A fimpU fubi^ance comoofing the greatift part of water, and part of 

atmofpheric air. (See pages 84 and i34>) 
■ • gat. Solid oxygen converted to a gafeous ftate ^y calorlf. |t it il<q 

called vital air. |t forqii nearly one -fourth of atmofpheric air. 
pXYGEl^lZE. To acidi/'y a fpbftancc by oxygen. Synonymous with Oxygenate. 
pXYOENIZABLi. A term applicable to ail bodies that comb'^ne w^t^^ oxyg^a> 

and do not emit flame duiing the combination. 
p:;|:y QENIZEMEN T. "^he |>roduction of acidity by oxygt-p^ 

p. 

PARTINO. The operation of feparating gold from iilver by means of nitrous acid^^ 
and other mediums. 

^ELICAK. a glafs alembic, with a tubulated capital, from which two oppofite and 
crooked arms pafs out, and enter again at the fwell of th^ velTei. The inurnment 
is deigned for operations of cohobaiion, a^4 U calcv^lated to fave the trouble of 
firequcnUy lutii^g and unlutin^ the appkratu^. It is no^ feldom ufed* 

PELLICLE. ' A thin flcin which fqrfiis on the fiirface of (aline fulutiopt anj othe? 
liquors, when b<^iled down to a c(;rtain ftreqgth. 

PERCUSSION, Tlie z&. of ftrilflng a bpdy. See page 63. 

^HLOGISTON. An old cbymxal name /of an imaginary fubftance, fuppo&d to be 
' ^ combination of ^re \vitli Tome other mattsrj ai^d 9, conftituent part of all ii^ani- 
mabie bodies, and of many otner fi^bftapcei* 

'PHOSPHATES. Salts formed with phofphoric acjd. 

PHOSPHITES. ' galt^ fora\ d wit]|) phofphorov9 acid. 

PHOSPHyk^lTS. Sub^iances formed by an union with phofpborus. Th\is we 
have phofph^ret of limei phofphu.retted hydrogen, &c. . 

PLL' MQAGQ. Carb'uret of ^on, or the bIa[Ck-lead oi co.m^erce. 

PNEUMATIC. Any thing r lating to tte airs and gafes. 
, _ . _' ■! I. trough. A vefle) ifilled in part with water or mercury, for (he pqrpoft 

of colle^ing gales, fo that they may be readily removed from <mi veilel to anotner. 

PRECtPlTAl^. Any matter' which, having Been diflblved in a flui^, JFalls to the 
^ottQni of the yefTel on the addition of fome other fubflance capable of prod\iciqg 
a decoinpn^tion of the compound, in confequence of its attra^ion eitlier for the 
mehftruum, or. for the matter which was before held in folution. 

PI^ECIP^TATION. That chymical procefs by which bodies dilTolved, mixed, oc 
fufp!eode4 in a fluid, are feparat^d from ^^t ^\iid, aqd ^ade ^0 gravitate td thft 
bottom of the veflTel, 

PRINCIPLES PF BODIES, Synonymous Vith Elempitii which f(fc, 

PRUSSI ATESI. Salts formed wiih pruflic acid. " " 

PUTREFACTION. ' .The Ufl: fermentative procefs of nature, by which organiaed 
bodies are decompofed fo as to feparate their principles, for the pqrpofe of reuni- 
ting them by future attraflion^, in the produdl^oQ of new ^onapr^tioiu. 

f^YRITES. *Ao abundant rnineral found on the Ehgli(h coj^s, and elfewhere. Some 
are fulphurets of Iron, and others fulphure.^s of copper, vyith a portion of alumine 
and iilex. The former are \^orked for the. fake of the fulphur| and tl^ latter for. 
lulphuf and 'coppf>r. "Thev are alfo ea\led Mar(a(lre& and ^ire-ftofie. 

■ y i 11 ,^^ ^ /. martt^l. That fpecies of pyrites which contains iron for its bafis* See 
a fail acco\]nt of thefe minerals in Henckers Pyritnlogia^ 

PYROLIGNITES.' Salts formed iY»th the pyrolignous acid. From foroc la^t^ ex- 
periments it appears that the pyrolignoUs acid is the fame as the acetous. Thefe 
falts therefore are acetates. 

PYROMETER. An inftrumcnt invented by M^, Wedgv(ood for afcertainhig the 
deg^rees of heat in furnaces and intenfc fir^s. §ee philofophical Tranfai^onsj^ 
vols. Ixii. and Ixiv. 

PYROPHORI. Compound fubftances ^hich heat of th-mfelyes, and take fire on 
the admiflion of atmofpheric air. See an account of a variety of experiments with 
thefe compofitions in "Wieglcb*s Chymiftry, page 622, «S;c. 
X'OTARTRITES. Salts formed by the pyr>tartar(>us acid ; but ^ a^id %p4 
^ pyromucip are now no^ con^dered a$ difUn^ s^dt. 
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igyAltTATION. A term ufed hj refinen im 4 certain operation of farting. See 

Lewis*t Com. Tech. 
IQU ARTZ. A name given to 4 Tatitty of flijceoas earths^ mixed widi a fmtU portion 

of lime or alnmine.' Mr. Kir^ran eonfines the term to the furor 1^4 ^^ Bltx,.^ 

Rock cryftal and the ametEyft are fpeciet of quarts. 

RADICALS. A chymkal term for the MUmentt of bodies; which fee. 

I aunpound. When the bafe of an acid is compofed of two or more fub^ 

ftancesy it is laid that the acid is formed of a compound radicrU. The fulphuria 

acid is formed with a timpU radical | bat the vegetable acids which have radicals 

compofed of hydrogen and carbon are faid to be acids with compound radicals. 
REAGENTS. Si)bftances which are a(|ded to i^ineral waters or othp: liquids tft 

tefts to difcover their nature and compofition. See tT^. 
REALGAR. Red fulphurettrd oxide of arfsnic. 
I^ECEIVERS* Globttlar glafs veflels adapted to rptorts for the purpofe of preferring 

and condenfing the volatile mattqr raifed in diftiUation. 
RECTIFICATION. Is nothing more than tl^e r^-diftiUing a liquid to render it 

more p)ire> or more concentrated, by abftradliag only a part. 
REDUCTION. The reftoratbn pf metallic oxides to their original ftate of metals < 

^hJch is uiually effeAed bv means of charcoal and fluxea. 
REFINING. The procefs 0/ feparating the pfrfe^ metals froqi other metallic fub* 

ftances) by ^at is called cope|iation. 
REFRACTORY, ^ term applied to earths or metals that are either infufible, or 

that reouire ancxtraordinary degree of heat to change or melt them^ 
REFRIGERATORY. A contrivance of any kind, which, by containing cold water, 

anfwers the purpofe of eondenfing the yapour or gas that anfes in diilillatioo. A 

worm tub is a refrigeratory. 
REGISTERS. Qpenings in chimneyS| or other parts of chymicai furnaces, with 

Hiding doors, to regulate the quanity of atmofpheric air admitted to the fire- 
place, or to open or ihut the communication with the chimney at pleafure. 
REGULUS. In its chymicai acceptation^ fignifies a pure metallic fubftance, freed 

from all extraneous Matters. * 
^E PULSION. A prii^ciple whereby the particles of bodies are prevented from coming 

into a^al coijta^ It is thought to be ovdng ^ caloricy which has been called 

the repulfive po^f^. 
RESIDUUM. What is left In a pot or retort after the more yaluable part has been 

drawn off. Thus the fulphate of potaih which remains iq the pot after diftillation 

of nitrous acid is called the refiduum* It is fometin^s oalled the caput mortuum. 
RESINS. V^etable juices concreted by evaporation either fpontaneoufly or by 

fire. Their pharaaeriftic |s folubility in al^o^ol, 'and ndt in water. It leems that 

they owe their folidity chiefly to t^r union with oxygen. 
RETOJ^T. a veQi:! in the ihajpe of a pear, with its neck bent downwards, ufed in 

diftillatiqn \ ^e extremity of «f l^ch n^I^ fiu intx> that of another bottle called a 
, receiver.' 

IIEVERBEI^ATORY, Aj\ oven or furnace in ivhich the flame is confined by a donie 
which occafions it to be beat dov^ upon the floor of the furnace before it pafTes 
into the ch^n^ney. Some are fo contrived that it returns or reverberates upon the 
matter under operation. 

REVIVIFICATION. See JfteduaiM^ which is afynonymous term: though *< revi- 
vificadon** is generally ufed when fpeaking of quickfiiver. 

RO ASl'lNG. A preparative operation in metallurgy to diffipate the fulphur, arfenic, 
&c. ^th which' a metal may be combined. 

IIOCK-CRYSTAL, Cryftallized filex. 

S. 
SACCHARUM SATURNI. The old name for the acetate of lead. 
SACCOLATES. Salts formed by the facchoUaic acid. 

SALIFIABLE BASES. All the metals, alkalies, and earths, which acr capable 0/ 
eois^bining with acidsj and ftrminf iaitf, are csdled falifiable bafss. 
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SALINE. Partjiking bf the properties of a fait. 

SALTS neutral, A clafs of iubftancet foi med hj the combiBation to fatar^tloa of^ 

an acid with aif alkaliy an earthy or other salifiable ba(s. 
■ rr//>/r. Salts formed by the con^binat'ton of an add widi two btfet or 

radicals. The tartrate of foda and potaih| J^ochelle faltj is an inftante of 

this kind of combinatio|i.' 

!^r,} ««*"«• 

SAN DIVER. A matter, cop^pofed of different (alts which fifes «l ? pellicle bi| the 

farface of the pots in which glafs is melted. It is ufed as a flux in the fafion of 

ores, and for other purpofes. The term is probably a corruption of *^ Sal de yem.** 
SAP-COLOURS. A name given to various exprefled vegetable juices of a vifcld na- 
ture, which are infpilTated by flow evaporation fo|r the u(p of pamtersy &c. j fap- 

green, gamb:)ge> Sec. are of this clafs. 
SAPOfeiT ACEQUS. A teriQ appl|e4 to any fubflance which is of tl^ natiire or if' 

pearance of foap, 
SATURATION. The act of Impregnating t fluid with another fubftance^ till bq 

more can be received'or imbibed. A fluid which holcts as mi)ch of any fubftanqe 

IS it can -difiblve, is f^id to be faturj^ted with that fubftance* A folid n^ay in the 

fame way be faturated with a fluid t 
SEBATES. Salts foi med by the febacic ac|d. 
SELENITE. A fait exifting in fpring water, fo^v^joi b^ fulphun^ 9Cid and lio^e. Its 

proper chymical name is Sulphate of Lime. 
SEMI-METAL, A namie formerly given to thofc metals which are neither mallear 

ble, dudlili;, nor fixe4> ff expqfqd tq tl^e fir^ it is a term not i^fed by modern 

chymiflSf 
SILICEOUS EARTHS, A tern; ufed to defcribe t variety of natifcal fubftances 

which are compofed chiefly of siiex j as quarts, fliiit, fan<(| Ac. 
SIMPLE SUBSTANCES. Synonymous with f/menftf which fee. 
SMELTING. The operation of fufing ores for the purpofe of feparadng the metalt 

they contain, from the sulphi^r and arfenic with which they are mineraliiKdy and 

alfo from other heterogeneous ii^atter. 
SOLU BI LITY . A charact^ftic of moft fairs. See Solution. 
SOLUTION'. The perfed union of a folid fubftance with a fluid. Salts diflolved in 

wjtcr are proper examples of solution. 
SPARS. A name formerly gi veil to y4rio^scryftallixed f|onesj fuchas thefluorfpar^ 

the adamantine fpajr, ScQ» T^cfe fiatc|ral fubftancea are noiy diftlnguiflied by 

names which denote the nature of ei^ch. 
SPATULA. An inftrument like a knife, with ai^ elaftic blade| ufed for mizii^ 

fmall quantities of powders or other fubftances. 
SPECIFIC GRAVITY. See the wqrd Graviq. 
iSPELTER. The commercial name of zinc. 
SPIRIT. A term ufed by the early chymifts tq d^ote all volatile fln44s coU^^ed by 

diftillation. 
SPIRIT PROOF. A term made ufe of to ^efcribe fuch ardent fpirits ^ are of the 

fame ftrength ^s the brandy of commercei or of ^e fpecific' gravity of 0*9 30^ water 

being i.ooo. 
STALACTITES. Cei'tain concretions of calcareous earUi found fufpended like 
icicles in caverns. They are formed by the oozing of water« through the crevices, 
charged with this kind of earth. 
STEATITES. A kind of ftone con^pofed of filez^ iron^ and magnefia. Alfo called 

French chalk, Spanifh chalk, and foap-rock. 
STRATIFICATION. A chymical operation by which bodies ;;re placed in a condi- 
tioii to Z&. mutually upon each other by being ananged layer by layer, ftratum 
fuper ftratum, as is pra^ifed by metallurgifts. 
SUB -SALTS. Salu with lefs acid than is fufficient to neutralize their radicals. 
SUBER ATES. Salts formed with the fuberic. acid, 
SUBLIMATE. A name given to feveral mercurii^ preparations. 
l/BLIMATIQN. A proccf:; whereby certain volatile fubftances are raifed by heat, 
and again condenled by cold into a folid form. Flowers of fuiphiir are made in 
this way. The foot of ovr common fires is a faaylLuc inftance efthit proeefi. See 
Flowers, 



StJCClKATES. Salts formed hj the foccinic scid. 

SUGAR* A well known fubftance^ found in t variety of Tegetstbles^ compofed of oxy^ 

gen, hydrogen, and carbon* 
SULPHATES. Sales formed with the fulphtiric acid« 
SULPHITES. Salts formed with the fulphnrous acid. 
SULPHUkESy or SULPHURETS. Conibinations of alkalies, 6r metals, with fat • 

phur. 
SULPHURETTED. A fub((ance is faid tb be fulpharetted wheii it is combined 

with fulphur. Thus we Cay Solphuriitted hydrogen, &e. * 
SUPER-SALTS. Salts with an eacefi of acid, as the fuper tartrate of potaih. 
SYNTHESIS. When a body is examined by d'midikg it into its component parts, it 

is called antlyfis ) but whvn we attempt to prove the liaturcf of a fubftance by th'ti 

unt»n of its principles, the operation is called fynthefis. 
SYPHOK. A bent tAibe ufed by chymifts for drawing liquids from one vcffel inti]f 

anoihert It is Ibmetimes cauled a Crane. 

Ti 

1* ARTRATES. dalts fontle4 With the acid 6f tartari 

TEMPERATURE. The abfolute quantity of free caloric Vhich 'rk attached to iay 
body occafions the d''gree of temperature of that brdy. 

Tenacity, is a term ufed when fpeaklng of glutinous bodies* It is alfo expref. 
fiire of the adheifion of one fubftance td another. 

TEST* That patt of a cttj>cl which is impregnated «^ith litharge in the operationx>f 
refilling lead. . It is alio the namd of Whatever is employed in chemical experi- 
ments to dete« the feveral ingrddients of any compo^tion. See Rt'egtM* 

TEST-PAPERS. Papers impregnated. With certain chynucal re-agetit»; fuch ae lit- 
mus, tumieric^ radifh, &c* Thejr ard lifed to dip into fluids to afcertain by a 
change of colours the prefenc^ of ilcids and alkalies* 

THERMOMETER^ An infirumtnt to ihow the rtflatiVe Keat of bodies* Fahntio 
heit's thermometef is thlf chiefly uftd Mx En|land, /See page 68). Other ther- 
iilometers are ufed in different parts of Europe. For the difference in the fcale of 
thefe thermometers, fee the Table at the end of this tolume* 

TINCALt The conimercial name of crtid6 borax. 

TINCTURES* Solutions of fubffances in fpijituous menftrua* 

TORREFACTIok. An operation flmilar to foiling} which ftd* 

TRANSMUTATION^ A favorite term among the old chymiffs, flgnifying the 
changing of one metal to another^ which they fuppofe^ poffible* 

TRITORIUM. A Teflel uied for the feparation of two fluids which are of difl«tent 
denfitiea. tiiit the fame operation may be p)erform<;d by a common funneL 

TRITURATION. A chymical operatiod wWeby fubftances are unlt^sd by fric- 
tion. Amalgaiiis are made by this method. • 

TUBULATED. Retorts Which have a hole at the top for infertlag the materialif to 
be operated upon^ without taki4 them out of the faiid heatj ait called tabulated 
retorts. 

TUNGSTAT£«. ■ Salts formed by the tungflic acid; 

TUTEN AO. An Indian ftame for sine. Chinefe capper Is alfo called by this name^ 
which is a compound of copper, tin, and ariedic, much refembllng fllver ili colour* 

'^' 

VACUUM. A fpace unoccupied by mattei'* 1*1)^ term il geiiendly applied to the 
exhaudion of atmofpheric air by chymical or philofophicai means. 

VAPOUR. This term is ufed by chymiffs to denote fiich exhalations only as can be 
eondenfed and rendered liquid again at the Ordinary atmofpheric temperature, in 
oppofltion to thofe which are ferinanefttijf elaffic; . . , 

VATS. Large chymical Teffels, generally of wood, for making infufions, S^ 

VITAL AIR. Oxygen gas. The empyreal or fire-^r of Scheele, and the dcphlo* 
gifticated air of Prieftley* 

VITRIFICATION. When folid fubftances have undcfrgofie very intenfi- b«>9t^. fo 
as to be fufed thereby, tjiey frequently have an appearance refenr i* 

They arc then faid to be vitrified^ or to have undergone vitrificaA 
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Vitriols* a ciafs of fabftjutces^ either earthy or metaUici whiiii aid combifled 
with the Titriolic acid. That there it Vitrtf^ of Umet vitriol of iron^ vitriol of 
coppery &c. I'hefe faltt are iidw called Sulphatet^ becaoie tlie acid which fonirf 
tYuitn is called fulphiiric acid; 

VITRIOL ATED TARTAR, ^he old name for fuJ{)hate of potailu 

VOLATILIQ ALKALI. The old iiame for ajdmooii; 

VOLATILE SALTS. TBe commercial name for carbonate of ammonia* 

VOLATILITY. A property of fome bodies which difpofes them Vo afltime tlk p- 
feOus ftate. Tjiis property feems to be owing to their affinity for oaloric* 

VOLUME. A term made ilfe of by modern chymifts to expreft the fptfce occnpled 
by gafeoiis or other bodies. 

-. . ... . -ty. • i i 

UKIOK tbymcal. When a mei^ ibixtare of two or ntofe fubitajices is made, they 
artt fatd to be meehanically united j but when each or either fubftance fonttf i 
component part 6£ the prridudi the fobftances have formed a cbymkul union. 
USTULATION. The roafting of otes, to feparate th^ arfenic and fulphiir wUth 
mineralises the iiietal; When the shatter is preferred which flies off. the procefs 
is called fdblimation ) but when thii matter is n^leded^ the bperauon is calfed 
uftulatiofi* 

• . . ^- .. . • , . . . 

WADD. The name giVisil tf miners to pidmbagoi of carburet of iroiiy known in 

comitierce by the very i]|«|lrt)0er rianie of Mack-leUd, 
WADD'tUtek* The nSiileit* name for the argillaceous ore of maihnnefe. 
Water. The moft coftnioh of all fluids, compofed of ^5 parts of oxygen anid 15 of 

hydrogen. See pag6 So. 
i.i 1 i - mauraL WttM HHnch txt linpre^HaUid With miherid and other fubftaneei 

are known by this ip{JfUatioil. Thefe mittefab ate generally held in folnljon by 

carbonic, fulphuric> or m^iriatlc add. 
WAV Jry, . A tefm uf«i by ctHrihlcal writers wheii tteating of aha]y& or decbmpofi- 

tion. iy decompoflng in the dry-way, is m^aiit, ^y the agency Of fire. 
WAY tmmti, A term ufed in the fame manner as the fortgoiAgf, but expffeflive ef 

decompofition in a fluid ftate^ or by nieans Of water, ^n'd diymical re-agents, or 

tcfts. . , 

IITELDINO UtAtt tfiai degnt Of heat Ih wHich 1^0 pieces of iron or of pUtma 

may be united by liammering* 
WHITING. Carboriate of lime of chalk j cleared of its gtbfler impurities by waflung, 

and made up intd bald for fale* It Is fold iri tfie fliops b^ this nadne. 
WOLFRAM. An o^ of tungften eohtaining alfo man{|aneft and iron. 
W0RM-THB< a chymical vefiel with a peWter worrti flxed in itkt iiifide, and the 

intermediate fpace filled iHth water. Its nib is to dool liquors during dUIillatiou 
• See Rifri^eratory, 
WOtJLFE*S affarutui. A coiktfltapce fdr diftilling the mineral' acids sind other ga- 

feous fubflances With Kttle lofs; being a train of fectivers- wi^h fafety pipes, and 

connected together by tubes. For a full defcripti^n of this moli vieful appaiatusf 

fee Philofophical Tranfa€kions for i^6^i 

]&AFFRE. An oxi<ie of cobah,* ^xed with a portion 6f filiceous mattte. It is IiDr- 
ported in this ftate from Saxony. 

itERO. The point from which the fcale of a thermometer is graduated. Thus Ce!<' 
fius*s and Reaumor*s thermometers have their sero at the frtezing point, while 
the thermometer of Fahrenheit has its zero at that point at which it ftaods whei 
iinmerfed in a mixture of fnow and common fait. See Notes, page 69* 
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their action on other fubftances 245 
their ufes ib. 
medicinal ufes ib. 
enter into compofitibn of falts 248 



exifting in mountain^ 


246 


Adepts, ancient 


229 


ifioUpile, ancient ufe of 


a43 


Affinity, chymical 74>*53 


[,252 


explained 


252 


laws of 


- ib. 


iimple 


253 


compound 


253 


difpofing 


*S4 


quiefcent 


ib. 


divellent 


»55 


ftudy of the laws of 


ib. 


tables of 


455 


Bcrthollct's elucidation of 


256 


examples of 


266 


fapjc as planetary attraction 258 


Agate '^ 


91 


inflance of its formation 


ib. 


Air 


43^ 


rts a£lIon oil falts 


'63 


imflammable 8^ 


5>i7J 


vital. 


54 


fix3d 


133 


Air balloons 


36 


Asr-gun 


44 


bladder in fifh 


lb. 



Airs factitious, medicinal ufe 

AibUmen 

Alchyjnifts 

Alcohol 

fatours cryftallization 
Algaroth, powder of 
Alkali 

phloflfticalt^d 
Pruffian 
volatile 
.Alkalies, fources of * 

how punfittd 

how diftinguiihed 

quantities imported < 

known to the ancients 

ufei of 

regeneration df 

teft for 
Aluin manufactories 

ufes of 
Alumine 

a teft fdr' 

acetate of 

fulphate 

fnlphite 

flu ate 

camphordte 
Atnalgaihs 
Amalgam electrical 
Amber 
Amethyft 

Amianthus, ancient ufe of 
Ammonia 

its effcA on metallic oxides 

how formed 

ejttemporaneous formation of lb* 

how decompofed 22$ 

propofal for manufacture of ib. 

teft for J 29 

4)fcs of ib. 



54 

307 
294 

291 

261 

26^ 

160 

ib. 
irj 

>2S,22t 
225 
222. 

201^ 

"3 

22^ 

212. 

23>94>"S 

27E 

95 

24t 

93,27« 
lb* 

205 

215 
243b 
226 

9» 
Uf 

ib. 
ib« 
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inrz 



INPEX. 
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Ammonia^ acetate of S58 
arfeniate ib« 
carbonate 155 
citrate 159 
camphorate 160 
muriate ' 152 
nitrate 255 
oxalate 159 
phofphate X56 
phofphite 157 
fulpbate and fuphite 15a 
tungftate X5S 
fu berate x6o 
Amniodc acid 144 
Anaiyfis 30 
Analyfis of foils x6 
Animal heat C7 
Anthracolite 182 
Antimony 218 
its charadleriillc ib. 
ores of 219 
ufed formerly as a pigment 220 
fuiphuret of ib. 
butter of 219 
falts of , ib* 
oxides of ib. 
AnUfeptics 199 
Anthracite 93 
Apatite ^ 1049156 
Aquafortis and atfflofpheric air com- 
pared i^x 
Aqua regia 133 
Avchil ' 24>ii9 
Archimedes, anecdotes of < 5> 3 5 
Areometer 261 
Arrows pqtfbned 277 
Arfeniates 158 
Arijpniate of copper, artificial 221 
Arfcnic ib. 
its chara£lerlftic ib. 
medicinal remedy for 22 z 
white, how prepared ib. 
its various ufes 22A 
employed medicinally in China 223 
acid of 137,222 
Arfcnious acid Z37 
Afbeftus 91 
Aftringent principle Z41 
Atmofphere, its formation 36 
holds water in folution 54 
remarks on its temperature 41 
its elafticity 43 
its extenfion 4494^ 
refleds the fun*9 rays 50 
its weight 49 
coUeded weight computed 49 
• compofition 50 
means for purification 52,277 

00,265 



renovation of 
Atnofpheric air 

its tranfparency 



lb. 



Atmofphcric, equilibrium of 36 

caufe of its fluidity 33»3^ 
minifters to our plcafure844,45 
rarcfaAion of 44 

its fpecific gravity 3^949 

its expanfibility 44 

no gas can be fubftituted . 
for 45 

its tfPtCti on water ib 

its various uies ib* 

of a denfity exadly fui table 

for the feathered tribes 46 
its operation in pumping 47 
analyfed 5} 

a chymical compound 50 
its conftituent parts admi- 
rably apportioned 53 
necefifary for the fupportof 

animal life 56 

exemplified by a melancho- 
ly inftance • ib. 
promo^s corobuftlon 55 
its efieft on the blood 17 
condenfed, produces heat 
and light 245 
Atmofpheric prefiTure 46|26j^ 
ex(}eriments to fhow 4! 

Its efiectt on organized 

beingi 49 

Attradion 749^5^ 

planetary ^$0 

ofcohefioM 251 

of aggregation '^Sh^S^ 

how mealured 251 

eledive %at 

Aurora borealis I4 

Aurum mufivum ^12 

Azote #1 

Azotic gas ^ j 

Balloon air «5 

Barilla no 

Bark; its great affinity for oxygen 17 

Barometer 40,262 

its ufe in meaftiriog movii* 

tains 261 

Barytes 97 

folphate of I jx 

carbonate 97 9^ SS 

fulphite je% 

muriate ' je* 

arfeniate la 

hyperoxygenized muriate 254 

nitrate i^e 

acetate 1^ 

oxalate |m 

citrate jb. 

camphorate t69 

fuberate j^. 



INPBX* 



S23 



Bafaltes 

Bell-metal 

Benzoic acid ' 

Bencoin 

Beryl 

Bile animal 

Bioty his experiment 

Bifmuth 

its charaderiftio 
butter of 
oxides 
falts 

magiftery 
Bitumen, fait of 
Black Jack 
Bleaching * 

remarks on 
Jl^lend 
Bloody circulation of 

its ufe in the fyftem 
cauie of its colour 
Blow-pipe ^ 

Blue John 
Blue powder^ for laundrefles 



262 
«o6 
142 

ib. 

96 

112 

62 

220 

lb. 

ib. 

ib. 

ib. 

22 X 

173 

2x7 

19,115 

217 

264 

ib. 

267 

9» 
100,157 

224 



Bodies, known in three difierent ftates 31 
Body, human, a laboratory 17 

Boiling, explainrd 79 

point, affe^ed by the preflure 
of the atmofphere 48 

Bones, animal A 134 

of birds, how formed ^ xoi 
Books and prints, cleaned by muriatic 

acid 130 

Boracic acid I37»27S 

Borates 157 

native 267 

llorax X58 

Bofcovich, theory of 32 

Brafs 206,218 

Breweries 22 

Bridge, Trajan^s, in part converted to 

an agate 91 

Brimftone 17c 

Bronze 218 

Buoyancy, explained 34 

Burnt bodies, may be rendered again 

combuftible 248 

Butter of antimony 219 

bifmuth 220 



C. 



Calamine 


217 


Calico- printers 


'9 


Calomel, caution refpe^ling 


203 


Caloric 


57>6i 


ufcs of 


62 


intrufted to man only 


ib. 


fources of 


ib. 


tranfmitted from the fun 


73 


its velocity 


62 



CaloriC| rays of, diftind from thofe of 

light ^3 

' latent ^ 

free ib. 

fpecific 67 

abfolute ib. 

of fluidity ^o 

pervades all bodies 65 

contained even in ice 87 

its tSt6t% ' 'JO 

capacity of bodies for 65 

favottrs-eombination 71 

alfo promotes decompofition 72 
eifpands bodies ji 

it4 effed on time pieces ib. 

repulfive power of >%% 

conduced differently by differ- 
ent bodies • ^ 
retained by affinity ^3 
how preferved in animal bodies 57 
its tendency to equilibrium 74,76 
given out during freezing 76 
condudors of ye 
how produced by combuftion 244 
diminiihes the attraction of co- 

heficn 2 CO 

a£b an important part in all 
cafes of chymical affinity 258 
Calorimeter 5^ 

Cameleon, mineral 2^6 

Camphor ja^ 

Camphoric acid j^j 

Camphorates * j^q 

Candles, manufadure of 22 

fubftitute for ib. 

Carbon 176,178,272 

ufe of to animals t%p 

its combination with minerals 185 
Carbonates 15^ 

*. native 265 

Carl)onic acid 133 

^^■^ difcovery of x8x 

^^P analyfis of x86 

examined byfyntheiis 187 

properties of x88 

decompofed by plants ib. 

proportion ot in earths and 
alkalies 189 

Carbonic acid gas ci 

its ufes in the atmofphere 51,198 
prevented from accumulating 52 
Carbonic oxide 237 

Carbonous oxide ib. 

analyfis of ib. 

Carburetted hydrogen gas 274 

metals 285 

Cafe-hardening 208 

Caffius, purple precipitate of 197 

Caufticity 108 

Cendres Gravelees i xo 



iu 



IJJDKi 



Cerufe 
Chalk 
Charcoal 



properties of 
vfes 

incorruptibility of 
in HerCttUneum 
analyfis of 



102 

246 

192 
179 

«79 
ib. 

237 



levigated for writing with 180 

inflammation pf in pxygen gas 186 

accidents from burning in 

chambers 189 

Chymical nomenclature 149 

adion, deftroys identity 30 

Chymift, his peculiar refources 25 

Chyiniftry defined 29 

^' the advantages of teaching it 

early 14 

litility of the fcience x 5 

taught in the French fchools ib« 
interefting to every civilized 

nation ib« 

explains the operations of na- 
ture 24 
necefl*ary to medicine 16 
Its importance to landholders ib« 
teaches the knowledge o'f mi- 
nerals it>. 
its uie to the fcientific far« 
, mer ib. 
its tendency in educati6n 26 
gives the habit of inveitiga- 

tion ,27 

Its moral tendency 26 

a fafcinating fcience 230 

hence its effefls on youth ib. 
Chinrfe coins 217 

f^irnaces 92 

phromic acid 138 

Chromium 23^7 

Chryfolite 147 

Chry folite of Greenland ^rf||i2 

Cinnabar ^^202 

Citrates 159 

Citric aci4 140 

Clay 93 

potters 165 

Ciay, how fometimes produced by na- 
ture 147 
Clothes, why neceiTary 58 
Clothing of -animals varied by nature 

according to climate ib. 

Clouds ^1 

^oalbrook Dalf , remarkable explofion 

there . - ^09 

pdal) formation of 18 x 

different kinds of 182927$ 

Mts and mines, how lighted aco» 



liomieallv 



/ 



Cobalt *H 

faltsof ai4 

oxides of tSi» 

ores of, how analyfed ^ 

Cobalt, muriate af i|« 

acetate of »• 

formerly deprecated in the Otr* 
man church m 

C^hefion St 

Cold, caufe of that fenlation h 

artificial S^tfi^U 

intenfity of in Ruflia 87 

efi^eas of 26S 

remarkable inftane^ of i&« 

Collifion ^ ^3 

Colours M 

vary by abforotion of oxygen 19 
manufacture of 114 

Columbic acid i^$ 

Columbium 227 

(Pombuftibles, fimple i69»24X 

remarks on their properties x^ 
con^^und 24I 

Comboftion 63,240,267^77 

ipoptaoeous ii 

Dr. I'homfon't theor^r of 142 
fupporter's of ' ib. 

explained 24^ 

Its effed 00 bodies 247 

#a fervant, and not the ene- 
xny of natnre 248 

can deftroy nothing 236^49 
Berthoilet*8 explanation of 249 
refledlions on 2^ 

Compafs, mariner*s 297 

Compreflion 61 

C&ndenfation, produces heat (3 - 

Copper 2Q4 

Chinefe 2i|6 

formerly thrown away 274 

culinary veiTd^ 90$ 

falts of ' ' . ib. 

oxides i^ 

Copperas works 23,209 

Coralline rocks joa 

Cork 3^ 

Corrofive fubllmate 203 

Corundum j^m 

Cofmetics, mineral 220,173 

difagrceabic tffe&s of aao 

Cotton manufactures |q 

Creation, beautiet of, originated in 

'benevolence 2i.i2« 

CryftalUxation ^;^^ 

explained ifo 

water of 162 

Cudbear ^ 

Cuthbertfon*s apparatus for the com- 
pofitioii of water . • ^ g 



fK)«Z. 



m 



OecompQfitioa 31 
of orfanited beio^ »67 

DcpUogifticatcd idttovi §u 339 

t>cU^«clccDC< 163 

Derfcylliire fpar 157 

pUfBond i^»*7$ 

afet of 1S09279 

Diftilladon 72,280 

DiftUkn 23 

Dnins-boolci liow pi^nfied 173 

DoaUity ' 33 

Eyeing t9«|i3»2t2 

arddes vied In 11491199212 

Dyer*! fpirit »I»»23S 



20,95 



£. 

Eartb, the heat of, cofuputei 
Earths 

cbarafterlftict of 

claffificadoQ of 

appear to be iiifi^tely Taried 

combination of 

t|ie leparate olci of 
Eard^m ware maattfttfturet ,,^ 

JEbuUition, tcmperatafct necel&iy ^ ^4ft 
]kdge-<ooU, tamper of 2x0 

Efflorefcence 163 

Eggt of birds too 

JSlaftlc fluids -33»)7 

Elementary particles 169 

fmerald 9^»S47 

mery 2x0 

3tnamels 212 

Epfom fait XOA 

Etdung on ^ass 136 

Ether will boil by its 0^ latent l^at 48 

»77 

?03 

ib« 

4?>79 

73 
x6i 

«33 
239 

7« 
267 



Fife, a comp^^nd 

bow procured by (av»ges 
Fire-works, pbofphfliric 
Fiih, how they rile in water 
hnates 

native 
Fluidity, caufe of 
Fluids Vormed from lb]|ds 

elatfc 
Fluoric aeid 
Fl^or (par 

I'ountain, boifing in Iceland 
Freesing 

its ilownefs 
porilies ^Mtt 
Frigorific mhttures 
Ffiaioft 63 

Fiotcn animals 59 

Fttlhime, Mrs. her procefs of gilding 196 
Fuller*s earth 93 

Fqlminatiilg powder, Howard's 204 

F^^laces indeftru^bk 92 

FttfibUity X64 

Fttfipn '72 



phofphoric 
Ethiops mineral 
Evaporation 

from the ocean 

u^of this princ^»le 

p^uces cold 

1^^ applied in Indi* 
Evaporating pans 
EudioiQeter, the invention ^f 

operation of 
Expanfion of bodies by heat 
Eiperiment by Duke of Florence 
Experiments inftruaive and amufing 293 



F. 

^ Farming improyed by chymiftry |6 

jip^emaies, cured ^y oxygeii gfs ^63 

Fermentations, vegetable 19 x 

vinous X90 

how checked X75 

FeVefs coatagloui, how gcisnied 

againft X30 

Fibrina, its fonnatioA 264 

finery cinder 109 



«4* 

«S 

«77 
44- 

1I7 

33 

7» 
33 

ib. 
9« 



$7 
»I3 
»4« 

Ik. 

H 

S3 



O^doCnite 
Galena 
Gallic acid 
GaUs 
Gardening 

ammoniacal 
how procure^ 
earbonic acid 

produced by refpiration r] 

carburetted hydrogen S^»I74 

pho(phuretted hydrogen ly* 

hepatic ly^ 

mij^ture of oxygen and hydrogen x^^ 

nitrogen ^r 

muriatic acid j^i 

nitrous acid J31 

fluoric aci4 X3e 

oxygenised muriat)c acid 130 

inflames metals xtt 

fi^lphuretted hydrogen j^z 

fulphuroos acid ufiMi in bleaching X2S 

uie of in medicine ib. 

Gafes, how produced rv 

how transferred and mtaSute4[ ib. 

expanfion of j2 

refpirablc >^d non-refpirable 53 

remarks on l^, 

Gffometer, ufe and defcription of sjS] 

Gems, artificial %2Q 

Germination of feeds haftened 131 

Giant's caufewa** jSz 

Gilding, vratee %y^ 



Glafs m^ni 



20,9% 



^L 



526 



IHMZ* 



Clafs« method of etckiog on 

phofphoric 
GfaQber*s fait 
Clasing for earthen ware 
Cfow-worm 
Glacine 

falts of 
Glue, manufad^re of 
Gold 

ftandard 

native 

alloys ©r 

oxides 

falts 

folution of 

pigment 

ethereal 

Mofaic 

potable 

fulminating \ 

ufes of 

diiTolved by Mofes 
Granite rocks 
Gravity, fpecific 



136 

»35 

t6l 

9f 

«46yi76 

lb. 

10Z 

'95 

IC7 

196 

»97 
196 

197 
ib. 
ib. 
ib. 

212 

»97 

»95 
197 

198 

169 

35*36 



neceflfary to be underftood 37 

Gravitation 250 

Greek fire 271 

Green, Scbeele^s 205 

Brunfwick ib. 

Grotto of Befan^on 87 

del Cane x88 

Gom, analyfis of 185 

Gun-metal 206 

Gunpowder, manufadtore of 155 

how improved 102 
Gypfum 104,146,280 

floors 166 

H. 
Hankwitz, Godfrey, phofphorus- 

maker 176 

llardnefs 31 

Harmattan 40 

Harrop, Mr. his experiments 88 

Heart, its ftru£ture 264 

Heat and cold, fenfation of 61 

Heat, how produced by ihe folar rays 73 
cullc£lcd by a convex lens ib* 

operation of in prucucing cbymical 

combinations 30**57 

expands bodies 71 

animal, origin of 57 

HcHot's fympathctic ink 225 

Hematite, Lancashire 207 

Hcpais 172 

Hepatic gas ib. 

Hindoo phyfic 173 

Hone- ' 'peculiarity of itsform 82 

Hu' boratory 17 

^ inion of iUex 90 

96 



Hydrogen 83,171 

forms oU and refin In Tegctn* 

bles 61 

origin of gj^ 

how produced in li ^ wfn t 

waters jy^ 

its great affinity finr osygen 80 
revives metals 1979236 

Hydrogen gas, its levity gj 

inftances of its ezplofion xyx 
contained in the atmofphere52 
earburetted ib. 

Hydrogenated water ufefoJ in medicine 172 
Hydrometer 261 

HydrolUtical axiom 9^ 

Hydrofulphuret^ 17 « 

Hygrometer ^g 

Hyperoxygenized muriatet 153 

dangerous explofivenatnre 

of IC3 

caufed the death of two ' 
chymifts j^ 

ufed medicinally ib. 

cannot be fubftituted for 
gunpowder ib. 

Hyperozygenised moriatic acid 253 

danger of endeavouring to 
exhibit it in a ieparate 
ftate ib. 

I. 

I«e yg 

lighter than water ^5 

remarks on this fact yj 

its origin %p 

combines vnth caloric in melting 33,68 

ufe of its poroi^ ^e 

its extreme hardncfs 280 

in freezing produces heat 76 

in melting produces cold ib 

mountains 86. 

iflands near Hudfon*» Bay ib. 

at the poles afFeds the feafons ib. 

immenfe maffes at the poles ib. 

its hardnefs there ib. 

forms at the bottom of the ocean ib. 

employed in building ib. 

formed into furniture ib*. 

palace of ^go 
Identity,* deftroyed by chymical a^on 30 

Ignis fatuus 84 

Incombuftibles 24X 

Incombuftibility explained 24^; 

Indeftrudlibility of matter 24^ 

Inflammable air lyi 

Ink, indelible 199 

ftains removed 130 
how to prevent its being removed 

for fiau6ulent purposes ib. 

fympathetic 224,272 

Integrant particles of bodies 269 



UQOEX. 



387 



and other 

206 

ib. 

176,209 

209 

210 



Inondations by the fudden meliing of 

loe* hew prevented 70 

remarks on ib. 

Iron 274 

formatbn of 275 

teft for 207 

ancient prejudice refpe^ng 210 

nniverfalljr diftributed ib. 

found in ftrawberries 

Tegetables 
ores of 
OKide of 

falts of # 

carburet 

manufadare of i8» 1^692 74«207y;o8 

cold ihort ' 177 
caft 186,208 

bar 208 

wrought ib. 

malleability of ib* 

employed in remote andquity 210 

medicinal properties ib. 

combuftion of 241 

magnetic property of 207 

various colours produced by its 

oxide 229 

founderies 19 

trade, improved by chjrmiihy 18 

Iron-moulds, how removed 130 

Irrigation, ufe of 16 

Ivory, how filvered 200 

James*8 powder 219 



Jafpers and 
nently 



marbles ftained perma- 



Kelp 

Kemo ihell 
Kermes, mineral 
King*8 yellow 
Kupfemickel 



K, 



L. 



LaCy Eaft Indian 
Laccic acid 
Laetit add 
Lake of Avemo 
Lakes, vegetable 
Lamp, Argand*s 
Land, cultivated, on chymical 
pies by Lavoifier 
. Landfcape, chymical 
Lapis calanunaris 

lazuli 

oUaris 
Latent heat explained 
Lavoifier, achrajcal farmer 
,Lc«d 

ores 

ochre 



prlnci- 



X 



no 

100 
219 
223 



»43 
ib. 

141 

189 
227 

444 



x6 
224 
217 
211 

212 

213 

ib. 



Lead, its ufe by th« ancients In wines 2x3 
ufed as a cofmetic by the Roman 

ladies ib« 

its oxides, how reduced SI4 

a teft for ib. 

iht.et, how made ib. 

medicinal ufe of 215 

poifonons when taken internally 2i| 

employed in refining filvcr a 14 

falts of ib. 

oxides ib. 

liiharge ib. 

acetate lb. 

carbonate 234 

nitrate 214 

muriate 162,271 

fulphate 272 

Lead, white, manufaAure of 234,272 

red, manufddure o( 232 

Lees, flap ^ 114 

Lemons, add of 140 

Lena, convex 73 

Licking olaces in America X53 

Light, origin of 245 

produced by combuftion 245,276 

combined with atmofphcric 

air 24; 

its velocity 245,270 

becomes of^en latent in bodies 246 

Sir Ifaac Ne%vton''s defcriptioa 

of 2.' 8 

decompofable into feven rays ib. 

efte^ on vegetation 246,177 

on metallic oxides 236 

Lighting of mines, Scc» 22 

Lightning, its probable uf^ 38 

Lime 99 

teft for X04 

ftone X4S 

magneHan 103 

bow known ibw 

ufes of 101 

in tanning XO) 

in foap' making ih. 

in fugar refining ib. 

chymical ufe of ik» 

its operation on land 102 

one kind injuHous to land x6 

anci/ntly ufed in bleaching xo^ 

how diflblved by nature 

why its flacking produces heat 

falts of 

carbonate 

flu ate 

muriate 

phofphate 

phofphuret 

fulphuret 

Lime- kin, new kind 

Limoet, the curious ufe it makes 

prcffurc of the atmofphcre 



n 

1Q4 

104 
>77 

ICkf 



M6 



iiaikii. 



U^ocfaCBon ex^ained 




it 


MetalKc falti 


234 


Liqoidt 




3* 


, folutions ^^5,232 


Uottpr, filicum 
Littiargc 




93 
214. 


tree 
M^taU 


*3$ 
193 


I«itm«s-paper 




12% 


their charaderiftic» 


ib. 


Lirerof folphur 




172 


how purified 


X94 


Lunar caulUc 




S99 


their niimber 


ib. 


Langs^ thdr foriMtioii 




57 


noble 


195 


ufe df their ettended furfate 


ib. 


isiaUeab}^ 


ib. 


decompofe atmofpheric air 


ib. 


brittle 


ib. 


Lutes 




280 


fenu- 


ib. 


M> 






eombuftibk 
incombuinble 


a4.« 
203 


Magiftery of bifmuth 




22 1 


general properties of 


227 


Magnefia 




X04 


advantages We derive from 




ufcs of 




X05 


them 


ib. 


its ufe as a flux 




XO4. 


Variety of 


228 


itsefTeflon-reiins 




ib; 


their-mutual affinity 


ib. 


parifies water 




105 


oxidizement of 


199 


how prepared for medicine 


ib4 


how affe£ted by oxygen 


229 


falts of I5i,i5t| 


155,158,160 
165,166,167 


#ome decompo^ wateif 


*33 


native falts of 


expand by heat 


. 71 



muriate 105,120 

falphate 104 

. Magneilan Umcftohe iajiirious to land 103 

Malachite 206 

Mafic acid t\\ 

MalleabiUty a^d docility 33 

Maltha 276 

Manganefe 225 

ufes of 226 

"Its ufe in glafs making ib. 

ufe in making ftefel ib. 

oxides of lb. 

falts oi ib. 

fulpl^t of ib. 

Iitanometer 4j 

Manures 16,182 

Manufactures in general improved 

by chymiftry z8 
Marble X46 
Marine acid 128 
Marie 103 
how analyfed ib. 
Match-bottles, phofphoric X77 
Matter, indeftru^ible H9i^75 
infinitely divifible 31 
Medicine improved b)f ciiymiftry 17 
Mellitic acid 145 
Mercury 20 x 
\irhy fluid 202 
ufes of 203 
how rendered folid 202 
oxides of 203 
falts lb- 
acetate of ib. 
muriate ib. 
fulminating 204 
why proper for thermoxneters 68 
Metallic ores, analjffis of 228 
oxides 2)2 
fnlphtercti 176 






oxidized by decompofition of 

water 233 

by acids 234 

by atmofpheric air 232 

how recovered from acids 235 

bebome poifonous'by their 

union with oxygen 17 
combine with diflerent portions 

of oxygen 233 

dilTolved by adds 2|5 

Miafihatta^ putrid, deftroyed i%o 

Mica green 227 

Milk, animal j'yi^ 

MilUftone 205 

Mindererus, fpirit 6i 158 
Minerals, analyfis of 
Miiles, diamond 

quickfilver i62 

(alt, near CracoVr ifiy 

Miiiium, (red lead) 232 

Mirrors, ancient 206 

Mixture, its chymical efl^e£ks 3<^t63 

produces condenfation ^4>7^ 

Molfture of atmofpheric air 40951 

ufes of 46 

Moleculae of bodies %i 

Molybdenum 138,227 

Molybdic acid 13S 

Mortar and cements 102,209 

Mother-water x6t 

Mountains, ufe of ^07' 

primitive 1^8 

fecondary ib. 

Mucous acid 142 

Muriatic acid 128 

dephlogiiticated x 30 

oxygenized iB. 

hy peroxygenized x 5 3 

Muriates X52 

native x66 




msBX. 



9i» 



Muriate of fodii its ufe to cattle 153 

as a manure ib. 

Mufic generated by atxnofpheric air 44 



K. 

Naphtha 
Natron 

beds 

attificial 

lakes in Egypt 



176 
III 
iij 

ib. 
ib. 



Natural hiftory, knowledge of depend- 
ant on cbymiftry 26 
Navigation of velTeU 34 
Neptunian (yfttm 168 
Neutral falts 148 
Nickel 215 
ufes of 216 
employed painting on porcelain ib. 
oxides of ib« 
faltt ib. 
Nitrates z 54 
native 167 
Nitre, formation of 155,370 
ufe to makers of oil of vitriol 27 1 
l^ow procured in France 270 
how refined 164 
Nitric oxide 238 
Nitric acid 231 
Nitro-muriatic add Z33 
Nitrous acid ib. 
oxide 238 
ludicrous effe^s produced by 238 
Hitrogcn 55 
abforbed^y the blood 59 

g« ' 5? 

ics ufe in the atmofphere 56 

medicinal ufe of ib. 

emitted from the lungs 59 

contrivance for efTedUng 

this 59,279 

remarks on ditto 59 

fpecific gravity of ib. 

Kitrbm of the ancients 1 10 

Nomenclature, chymical 149 

old one, how underftood 23 x 

O. 

Oak faw-duft, ufe of X4I 

Ocean, remarks on 89 

how oreferved from free2lng 85 
its efFe£t on the atmofphere 88,26 c 
receilion of 268 

temperature of, decreafes with 

its depth 86 

generates ice at great depths ib. 

an interefting fpe£tacle 89 

Ochres 105 

Oil, analyfis of 184 

vegetable 6x,8| 

mineral, muft have had a TCge* 

table origin 8ft 



Oil, fiih 
- drying 
fadUtioui 
oxyiiienizcd 
phofphoric 
of vitriol, works 



239 

177 
126 



Opium, its narcotic e^e^s checked 140 
Ores, analyfis of 194,191 

Organized beings, decompofition of 239 



Orpiment 
Oxalates 
Oxalate of potaA 

of lin^e, forms hvman calculi 
Oxalic acid 
Oxide, definition of 

of gold 

filvcr 

platlna 

menury 

copper 

iron 

tin 

lead 

nickel 

zinc 

antimony 

bifmuth 

arfenic 

cobalt 

manganefe 

carbon 

nitrogen 

fulphur 

phofphoruf 

hydrogen 

nitric 

nitrous 

asste 
OxiJes 

animal and vegetable 

combuftible 

metallic 

properties of 

tormftd by means of water 

how reduced 

afieOed by light 

reduced by hydrogen 

ufed in giafs 

ufed in painting porcelain 

give various colours 
Oxldtzement 

different degrees of 
Oxygen 

neceffary to vegetables 

the bafis of air and water 
found in ftill larger ^antity 
in fnow and rain water 5^ 

its importance 82 

its various propenics 230 

effed on refraaory Aibftances 27^ 
affinitSciof ' 27S 



221 

159 
ib. 

ib. 

139 

231 

196 

X99 

20X 

203 

205 

209 

21X 

ax4 

21$ 

2x7 

219 

220 

22X 
22} 
226 
187,237 
23S 

237 

ib. 

237 

ib. 
Ib. 

»39 
ib. 

041 
23^ 

234 
235 

a35 
236 

ib. 

93 

94 
ib. 

23a 

2J3 

54,82 
5 
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.Oxygen, effe£l on colours - 279 

its efFeds in decompofing animal 
and vegetable fubftances 239 
Oxygen gas 54 

its fpecinc gravity 55 

how procured 264 

Bcceffary to refplration 54 

necelTary to combuiCion ib« 

its efft& on the pulfe ib. 

combined with fnow 55 

znediiinal eflfe^ of 265 

efre£ts on the blood 264 

may be procured from vegeta- 
bles 60 
contains light 51 
Oxygenized muriatic acid 32,124,133 
effect on vegetaKles 131 
Oxygenizement 122 
diflTerent degrees of 123 



92 

194 

182 

31,169 

235 

"5 
220 

ib. 

42,72 
4» 

188 
188 
276 
421 

17 



I'aper, incombuftible 

J^aracelfus 

tearing and burning land 

t^artides, integrant 

Parting 

Pearl afhes 

Pearl white 

ufed as a cofmetlc 
PercttiHon 
Perfpiration, ufe of 

remarks •n 
Petre refiners 
Petrifactions explained 

artificial> how formed 
Petroleum 
Pewter 

Pharmacy improved by chymi^ry 
Phlogiftic theory (Compared with the 

modern 23 1 

Phlogifticated alkalS 160 

Phlogifton 231 

Phoenix, fable of 236 

Phofphates 156 

native 167 

Phofphate of Iron 186 

of lime, its ufe in eggs 10 1 

In wheat 256 

Phofphites 156 

Phofphorefcent animals 177 

Phofphoric acid I34 

medicinal tfiefts of 135 

Phofphorous acid ib« 

t'hoij^honis I76 

how difcovered ib. 

though poifonouSy ufed In 
medicine 177 

Baldwin's 155 

Bologna 97 

Phofphutet of iron 177,208 

J'hofphuretted hydrogen gn ' 173 



Phofphuretted nitrogen gas 18^ 

Pig-iron x8,2oli 
Pilatre de Rofier, his accident with 

hydrogen gas 17! 

Pinchbeck 218 

Pin-manufadurer^ 233 

Pit-coals 181 

Pitch, mirferal 276 

Plaifters 17 

Plafter of Paris 152 

Plafter floors 166 

Planetary attraftlon 259 

Platina 200 

falts of aoi 

oxides ib* 

ufes of 201 

Plumbago lSx,i86 

Plutonian fyftem 168 

Pneumatic trough 53 

Poifons, their nature 4-7>277 

difference between tninersd 

and vegetable 17 

antidotes for ib. 

cafe of a gentleman faved afler 

having been poifoned 18 

Pools, ilagnant 174 

Porcelain 9^ 

differencflt. between it and 

earthei^\vare ib. 
manufactures ^0^95 
manufactory at Sevrei(. 96 
Potafli 1x0 
quantity produced from differ- 
ent vegetablfs • ib. 
acetate of •• 158 
earbonate tij 
muriate 1^2 
hyperoxygenized muriate XC4 
nitrate * ib. 
phofphite 156 
pruifiate t6o 
fulphate 1^3 
tartrate 1^9 
fulphuret n^ 
Pottery ^^ 
glaiingof ^ ib. 
Precious ftones, artificial 229 
Precipitate, red* 20^ 
per fe ib. 
PreiTure of the atmofphere z5t 
experiments to fhow it 4^ 
Princess metal - so6 
Pruffian blue 244 
native %%o 
Prufliates * x6o 
Pruilic acid 24^ 
Pulfe -glafs ^ 
Pumice-itone no 
Pump, its adion explained 47 
Putty . 212 
Pyrolignous acid, manufa^re of sjt 
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Pyrites, martial 


121,175 


Salts, permanency of 


»6j 


copper ' 


204 
68 


dccompqfition of 
folubility of 


26s 


Pyrometer 


264 


Pyrofoma Atlantlcum 


177 


Salts of gold 


297 






filvcr 


299 


^^ 




\ platina 


2or 


Quartz 


91 


me: cury 


203 


cubic 


158 


copper ' 


205 


Quicklime 


loi 


iron 


209 


Qutckfilver 


202 


tin 


?ii 


■ 




lead 


21^ 


R. 




nickel 


Kachitis, a fpecific for 


156 


sine 


218 


Radical vinegar 


139 


antimony • 


219 


Radicals 


170 


bifmtth 


220 


Rain, theory of 


41 


arfenic 


222 


Re-agents 


30 


cobalt 1 


224 


Raddle 


93 


manganefe 


226 


Realgar 


22^ 


Salts, artificial 


165 


Refining of gold and filver 


a3»»3S 


native 


ib. 


falt-petre 


164 


formed in remote ages 


167 


Repulfion 


^56,72 


mountains of 


ib. 


Sir Ifaap Kewton*s experi- 


neutral 


150 


ment on 


256 


how diftinguifhed 


160 


Bofcovich's theory of 


ib. 


volatile 


119 


fenfibie and InfenHble 


»57 


Sand, curious property of 


91 


magnetic 


ib. 


a flow conductor of heat 


75 


Its operation on bodies 


^57 


Sand-(Wi\e 


318 


Refin 


60 


Sandiver 


its compofitloR 


184, 


Sap colours 


ib. 


Refpiration a curious procefs 


S9>>79 


Sea, obfervations on 


88 


effeas of 


277 


temperature of 


86 


remarlcs on 


279 


Sea-water, freeees at a lower tempera 


I* 


of vegetables 


60,277 


ture than freih water 


8s 


Refufcitatlon, human 


272 


Sea-falt 


III 


Retorts 


129 


Sebacic acrd , 


144 


Rocheile fait 


?59 


Scheele*s grc^n 


223- 


Rocks, primitive 


168 


Seeds, germination of, haftened 


»3« 


Rofin 


184 


Seguin, Mr. his explanation of 




Rubelite 


226 


tanning 


2a 


Ruby 


HT 


Sel de Seignetlte 


159 






Seienitc 


266 


S« 




renders water bard 


ib. 


Saccholactic acid 


142 


Semi>metals 


X93 


Sal-acetofelU^ 


139 


Shells, teftaceous 


200 


Sal ammoniac 


"9 


oruftaceous 


. ib. 


French manufa^ure 


of ib. 


produce mountains 


jb. 


ufes of 


120 


of eggs 


ib. 


firft made in Egypt 


ib. 


Shot, manufacture of 


274 


Saliva 


196 


Sideral fyikms 


259 


its affinity for oxygen 


ib. 


Sidetite 


208 


Salfola foda 


109,110 


Silex 


91 


S|alt, manufa£lures of 


176 


its ufes 


ib. 


its proportion in fea-water 


72 


Mr. Hume's finguUi opinion ' 


of 90 


mines 


X12 


Silver 


29a 


y/ort 


no 


ores of 


ib. 


3alts 


X48 


oxides oi 


299 


their number 


148 


falts of 


ib. 


nomenckture of 


249 


nitrate of, an antifeptrc 


ib. 


Salts, cryftalliza^n of 


161 


ancient ufes of 


2.0a 






'^/, 



'"l^"- 
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Silver, flandard 

tcftfor 
Sky, its colour accounted (ot 
Simple fubftinces 
. Smalt, ftrewing 
9now 

its ufe 

how melted by the Swiis 



200 

198 

36 

75 

74 



/ 



Soap, manufa^ure of 2i>i03,i 14 

known to the ancients IC9 

found in Pompeii ib. 

Soda I 10 

origin of ib. 

known to the anci en ts jcc,ii2 

why preferred to potafli 113 
account of the manufa£lure of, 

for making glafs 221 
produced by the vegetation of 

plants lit 
how extracted from common 

fait 9S,jii 

Its ufe in the bile 1 12 

carbonate of III,tj6 

ufe as a re-agent 117 

xnuriate 111,152 

hvderoxygeniied muriate 153 

nitrate 155 

phofphate 1 56 

lub-boratc 13S 

fulphate X52 

tartrate of, and potaih . 159 
Sc^s, their goodnefs, how appreciated 106 

how renovated by nature 168 

cbymically altered by rain 41 

Solidity, what .3^2 
the natural date of bodies 32 

Soilids expand by heat 71 
Solvent, univerfal of the ancients 229 

Solubility 264 

Solution 72 

produces cold ^StJ^ 

facilitates combination 257 

cftin 235 

Spar xoo 

calcareous 265 

Derby ihi re 100,104 

dogtooth 100 

ponderous 97 

Specific gravity ^ 35 

difccvettsd by Archimedes ib« 

how denoted ib. 

methods of determining 261 

S|>ecific caloric 67 

Spelter 216 

Spirits of nitre 232 

Mindererus I58 

fal ammoniac 218 

fait 228 

wine 291 

$1 ufible 222 



Springs, origin of iQf 

Sula^ires 9Xji^ 

Stars, fixed, their diftance ^St^^ 

States of bodies J| 

Steam f% 

expanfive force of 7^ . 

oeconomical ufe of 8^> 

Steam engine ib* . 

its origin Mf . - 

Steel l86,so| 

how it difiers from iron adf 

inftrument, how known 209 

caft ttj« 

caft, its manufacture if , 

Stink-trap 271 

Stones, analyfis of 2o{ ■ 

fpeclfic gravity of 35 - 

fallen from the air 215 '> 

precious, artificial 229 /. 

Stone ware 94 *: 

Stoves, foreign 244 !! 

Straw, analyfis of 25» '; 

Strontian 98 

ufe in medicine 99 J 

carbonate of 98 

fulphate of ib. 

Suberates 260 

Suberic acid 243 

Sublimate, cnrrofive 203 

Sub-falts and.fuper-falts 150 

Succinic acid 242 

Su^^ion, no fuch principle exifls 47 

Sugar, analyfis of 284,191 

decompofed by fermentation 191 

why injurious to the teeth, a 

conjecture 240 

manufadure of 278 

refining 23,103 

acid of 239 

of lead 2x4 

Sulphates 252 

how analyfed ib. 

native 265 

Sulphites 252 

Sulphur 275 

known to the ancients ib. 

ufes ib. 

combination with oxygen ib. 

flowers of 3x2 

liver of 27a 

Sulphurets 276 

ufed in bleaching ib. 

Sulphuretted hydrogen 225,272 

a teft tor metallic oxides 272 

Sulphuric acid 225 

attempted to be made by the 

decompefition of atmof- 

pheric air 50 

caufe of its freezing 227 

action on metals ib. 



M^ 



Sulphuric add, teft for bafytet S17 

Sulphurous acid ib« 

Son* the great fource of caloric 6s 

conjcdlures refjpedtng tt» nature 73 

probably a habitable world ib. 

conjectures refpe^ng the caufe 
of its beat 

emits three kinds of rays 
Supporters of combultion 
Sweet makers 

Swim-ning of folids in fluids 
Sympathetic inks 
Syntheiii 
Syphon, its action 



73 
6a 

242 

23 

34>37 
224,272 

30 
47 



T. 
Tallow 
Tan 

a teft for 
Tanning of leather 
Tanralium 
Tapers, phofphoric 
Tar, mineral 
Tartar 

cream of 
triple falts of 
Tartar, emetic 
Tartaric acid 
Tartrates 

Tea.urns, how browned 
Teeth, human 

how injured by fugar 
Tellurium 
Temperature, equal diftri button of 

animal, varies remark* 
ably In dificrent ani- 
mals 
human, hcfm prefcrved 
the fame in all cli- 
mates 
Terra ponderofa 
Teft for alkalies 
Meftaceous animals, (hells of 
Theories various, of the earth 
Thermo lamp 
Thermometers 

varieties of 
how made 



21 
141 

ib. 

20,103 

227 

177 
276,181 

140 
ib. 

219 
140 

«59 
•05 

»57 

X40 

227 

76 



5» 
97 

2X2 
100 

168 

'It 
69 

68 
air ib. 

ib. 

ib. 

250 

211,273 

2x1 

mines 274 

mines, Cornifli, tKeir antiquity 2 if 
various ufes of 212 

teft for the prefeoce of 211 

oxides of ib. 

(alts lb. 



iCfitH 



:al zero not known 
ThermoflRpcs 
Tides, how produced 
Tin 
ores 



V^ 

120 

»73 
4»7 

2lt 

229 

n 263 

74 

»94 
60 

*33 

»59 

227 
158 
227 
137 
203 
182 

44 
ib. 

219,220 



Tin, folution of 

its u(e in dyeing (carlet 
Tineal 

Tin glafs, or bifmuth 
Tinned plates 
Titanium 
Tombac 

Tonnage of /hips, bow taken 
Topas 

Trajan*s bridge 

Traiafmigratioa, probable origin 
Tranfmiflion of caloric 
Tranfmutation of metals 
Tranfpiration of vegetables 
Tree, metallic 
Triple falu 
Tungftate of lime 
Tungftares 
Tnngftcn 
Tungftic acid 
Turbith, mineral 
Turf burning 
Twilight, how produced 

remarks on 
Types, printers* 

V. 

Vapour 3^>79 

exolainedi 38 

diflbhres in warm tir 40 

rendered invifible by iblution in 

atmofpheric air 38 

its quantity of cabric 79 

great expSnfion of ib. 

its efFeds exemplified 80 

Variobns poilbn, prevented 130 

Vegeubles, variety of 182 

remarks on 284 

ufe of s8{ 

analyfis of 184 

afibni potafli 109 

directions for burning ix# 

their beneficial operaiion 

on the atmofphere 5s 

give out oxygen gas 6% 

decompofe water i8| 

Van Helmont*s experi- 
ments on x8| 
Verditer 20| 
Verdigris ib. 
Vermilion 7I>20| 
VeiTels, caufe of their fwimming on 

water 34 

Vinegar, manufaflure of 23yi3* 



diredlions for conducing 
procefs for concentrating 
Vital air 
Vitriol, Roman 
green 
white 



i3« 
»3f 

54 

205 

209 

221 
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Public Opiiiion is daily becoming nior^ 
begin to be felt, that of all possible 
nsulting happiness, to withhold infor- 
sakc of adding to fortune, is the most 
A few additional pounds, well laid out 
3oY> may more improve the condition of 
^, than the mines of Potosi bequeathed to the 
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"* Chymical research conducts to the knowledge of 
philosophical truth, and forms the mind to philosophic?.' 
enlargement and accuracy of thought, more happily 
than almost any other species of investigation in whic]; 
the human intellect can be employed/' 
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